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4 THE ACCURACY 
METERS. 
‘By Joux W M. Am. 


of Cincinnati, ‘and among ig other tasks" which have fallen to him in 
¢ capacity has ‘been an examination of ‘water met meters adapted for 


in a small water water- ter-works, 


The primary que question to be discussed was the value 


high and low- priced meters for water measurement in domestic ser- 
vice pipes; next, the precision of registry of the different kinds and | i 


makes of meters, with widely ; varying rates s of delivery; and, finally, — 


_ thelos loss of pressure | by passing diff different quantities o: of water through the a 


meters in a given length of time. The unit of time has been taken at 
one hour, and the delivery of the meter is stated in gallons. rl ie or 


Sev enteen different meters Ww ere examined, as follows: 
The Worthington r meter, from Henry R. Worthington, New York City" 
Union Rotary and Columbia meters, from Union ‘Water 
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ATER METERS. 


Crown, Empire and Nash meters 


, from” the National Meter 


The Hersey and Hersey Dise from the Hersey Manufactur- 


ing Company, Boston, Mass. 
Lambert (Bee) meter, from The Thomson Meter 


Brookly n, N 


The Trident Dise meter, 


of which purchased by the 


‘Village Water-Works, 1896. 96. al 


he Niagara. meter, om The Buffalo Meter Company, Buffalo, 


Pittsburg Dise meter (two styles), , from the Pittsburg Meter 


‘The Standard Dise The | Standard Meter Company, 

ao Of this list, the Worthington, Union Rotary, Crown, Empire and uy. 

Hersey are so- -called "piston meters; the Nash, ‘Hersey Disc, Lam- 


ant, ) til m Standard are disc dise ‘meters, and 


>< 
= e guidance « of ho trustees of the village aot! in the e selection 


use, hal ocenrred to the author that the data 


meters 


water- it may be of some interest to the manu- 
-— facturers of meters, and may possibly lead to ) the correction of defects 
_ which were manifested in some of the meters when tested | on small 


Streams. 
‘git 
The tests were made under ordinary conditions of service to a 


mitted while a meter was as under test. = 


static > pressure on the Service pipe from 85 


Ibs., the n main in the street in front ¢ of the building where | the tests 4, 


being highest during the day. 
distance from the 10-in. cast-iron main to othe 


conducted serving as a rising main to the reservoir during ‘the 


a along the }-in. iron supply pipe, was about 10 
five j-in. bends. _ The supply was 


and there w 


— 
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HILL ON TESTS OF WATER 


i iron pipe measuring in., , internal | diameter, gas- pipe fit- 


a. = No effort mm made to ‘accommodate the meters in the arrange- a 


ment of the p pipe, . the condition desired being a as anearly as as oman like oa 


varying: rates of discharge were obtained by yy placing i in the short 
of j-in. pipe attached to the outlet connection of the meter, brass a 


0. in. thick, with  contral perforations ranging from in. to to 
in. diameter. discs were held against a a thin rubber gasket i ina 
brass | union recessed as as s shown in 1, The water to the 

e pressure-gauge. Daring each test the s stop- op-cock was net at. 

_ opening, and the flow of water through the meter controlled en- a 


a | ti irely by the standard orifice in the discharge pipe. Before any test 5 (ee 

was started, the meter was rt run for time at full enin 


TANK 


TO % ‘Reo. he 


Se 


5 PIPE AND STANDARD ORIFICE. 
air. ‘Worthington was the only provided wh 


means for r blowing the air r out of the cylinders when it it is started. a 
The apparatus u used for { the measurement of the > discharge and the 


the in the inlet and ou outlet pipes s of the is 


1s could b — 


given in Table No. 1, first, fo of 


pi 

_ the dise meters, and, ‘finally, for ¢ the veloc ity or infere ential m meter. ts 2 

In all cases the meter was brought to ) the : zero point of the l-cu. ft. . 


dial, the tare of the measuring cask taken, and from 1 to 6 cu. ft. of — 

water drawn through the meter and caught in the omk. ‘Thea net 


— 


— 
i 
— 
n. ft., and the scale beam was graduated to half pounds. Byhang- $f 


aby 


aan contents of t e cask were reduced to cubic feet for eee sia. 


ture of water, and the ¢ discharge, as noted ed by tank measurement, ) Ge. 


weet by the difference of meter reading, # i. @., by y the discharge as in- 


Résumé OF Test OF or No. 100 020. 


Order of Test, 15 


Diameter Pressure Discharge, feet,|Cuble feet, Ratio of 
orifice, | pipe, in gallons, by tank to water, 
in inches.| in pounds. per hour. meter. “talk. degrees. 
Résumé or TEsT oF In. Meter, No. 187 595. OcToBER viv: 
92.95 | 172.68 35000 3.1807 | 1.0602 | 60 
| 45.08 | 3.000 | s.e302 | 1.0767 | 60 
o oF Test oF 3-In. Hersey Meter, No. 57 617. 107m, 
Order of Test, 10. 
92.81 172.58 3.000 (2.9841 0.9947 


oF ‘Test oF $- In. No. 191 159. OcToBER 


746.60 | 6.017 | 9.0588 1.0058 


58150 «(508.90 5.750 5.7665 

87.28 | 167.44 | 4.800 | 4.7002. | 0.9977 | 
88:95 43:07 | 2.800 | 2.7845 | 0.9048 
88:90 10.59 | 1.988 | 1.3460 | 1.0087 | 68 


T OF $- Rorary METER, Ocro- 

5.000 4 

3.000 | 

2.000 

| 3.000 


| 
a 


~ 


-23 
10.88 


= 

— 

im 

Order of Te 

come 


No. 


nued 


of | onsupply 
orifice, | pipe, 

\in inches.| in pounds 


ub 

in gallons | by 
per hour. meter. 


me 


‘Résumé or Test oF 


| 5.0472 
5.0126 
2.9614 


OF or §- In. 
= 
ter Test, 5. 


95. 5.00, 


7.52 
Résumé OF — TRIDENT Merex, No. 
28.00 | | 
89.10 


169.19 
90. 10. 


o 
AND 1998. 

5.000 


8.000 


167.95 


873.18 
10.95 


8.000 
0,888 


No. 23 178. 


8.0199 
1,8749 


2'9800 
119943, 


for) 


q 


23 179. 


| | | 


Résum oF 1 3p, 1808, 
— 
— 
tmz: 
q 98-978 | 178.88 2°000 1.0087 
a 
— — 
ea 


Ry 


Résumé or Test or $-In. Maren, No 


AND 47H, 1898. 


{umber Diameter Discharge, fost, Cubic feet, | Ratio Temp. 
Supply 
orifice, | pi in gallons by  |oftankto| 
in inches.| in per hour. | meter. tank, ‘meter. 


896.92 . 
‘548.74 x :0067 
1%.71 1.0081 

44,65 1.0255 


or p Test OF $-In. Prrrssura No. : 10 798 


anp rs, 1898, 
65.00 557.06 | 5.000 | 4.969 | 0.9930 
90.68 | 170.71 3.000 2.9520 
4.32 1 ) 


Résv ME oF Ix. Nu Meren, No. 18 901 
Order of 12 
| 
| 


Résumé or Test or $-In. 


Test, 16. 


‘| § 
| 2.000 


Résumé or Test or 


24.50 911.27 | 5,000 5.0428 
63-92 | 560. 5-000 5.0443 
178.08 | 8.000 8.080 
on next test with y,-in. orifice the meter stuck. + 


INFERENTIAL Marz. 


Résumé Test OF 

Order of Test, 14. 


q 


— 
if 
— 
STANDARD METER, No........ | [OBER 4D, 
= 


on in errors of registry for rates of dis. = 
varying in s some examples les as 90 tol Thus, the the Empire 
"meter, during 23° tests, with a range of delivery 15 to 1, varied 
4 . from a minus error of 0. 87% toa plus error of 0. 23%, with an ay ma a 3 
error of — 0. 18 per cent. The Nash meter, with a discharge varying ae 
from 83 to 1, exhibited during the 15 tests a& maximum error r of — 
m error of - 049, with an av of 


0. and a minimum e 
registry of 0.38 per cent se were D new meters. The Crown moter 

had passed 3 500 cu. ft. of water | prior to the test, but, under the usual ri: 
a conditions of ear service, this should have had ‘no apparent e effect a 


on its acouracy. This showed a maximum ‘error of — _9, 9.45%, 
and a least error of — — 3.77%, with an average error for 15 tests of — 


6: per cent. dise m meter, for a range ‘of 


.— No. 2 shows the es errors of all the met meters t tested. a — 


‘TABLE No. 2. —CoMPARISON oF Errors oF REGISTRY 


Worthington ., 410. 2. 08 A 


Tang 


Trident, No. 23 4 15 


(Trident, No. 23 179... 
Trident, No. 23 180 6 
|Trident, No. 23 176 


Pittsburg, No. 10 798., 


Bens 


bbe 


— 
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tm 
of + 1.319%, and a minimum error of — 0.25 per cent. The Trident 
> 
— 
— 
| — 


An error is st stated plus whee registry 


reater than the a actual quantity of w water er deliv ered, and as minus when 


draught, were” incapable « of “measuring the smaller discharges, ax 


thes these smaller dischar ges more nearly 1 resemble the leakage in in domestic 
; plumbing, which, 1, with the meter system of water measurement, the A 


_view, anid the author has no doubt that certain meters which ieee not on 


for the « ordinary of water supplied ‘through 


Apart from any refinements of water nile which may be 
shown by these and former tests of ‘meters, one cannot neglect the my 
important fact that, however precise | the instrument may be under be 


a. it must be constructed on such principles and in such a manner 


as s will guarantee its durability and continued proper working through 


‘tome; and should be very gratifying | all interested i in the 
of meters that those ) movers, in these tests have shown the 


‘still ty in n a con condition to ‘satisfactorily a approximate the “nate of 
Asa a ‘general proposition, only two or three of the fell so 


ow in the ‘author’ s esteem as to , make them doubtful devices for the Y 


measurement of water; but any meter © represented in these tests (if 
not damaged by use) i is superior to the prev vailing ‘mode of anand 


i for water by a survey of the > premises. So. long a as many consume 
3 water from the public mains are wasting as ; much as they a 


trom 
ane while others are using less than half of what they p pay for, any water er pee 


that will work with all streams, and indicate the actual 


“quantity” y of water passed within 4 or 5% meet all Present 


When water meters, as they should be, are used to 
‘Measure every gallon of Water taken for consumption from 
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5 
— | 
‘a 
“ 
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| 
to onerate for a generation or longer in daily service and 
- 
— 
= 
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on TESTS OF WATER METERS. 


No. 3 


iameter |Pressure,| Ratio of Discharge, Diameter Pressure, Ratio of 
of . in tank to gallons = | in tank to| gallons — 
pounds. meter. | per hour. orifice. | pounds. | meter. | per hour. 


fein. Empire, No. 191 159. 
23.83 | 1.0058 1.0112 
28 | 0.9977 | 167. .15-in,..| 0.9878 
0.08-in...| 1.4791 

in, Rotary, No. 448. 
1.0878 52 -in (0.9878 
0340 | 550.95 | 


% 


in. Union, No. 67 in. Union, No. 23 816. 


22 
46.5 | 91.9166 
sin, Worthington, No. 5 990. 


21 «(0.9974 1 
& 42 0. ‘eo | hy 


0. 


0,08-in. . | 0. 


urate 


sen’ » watches, and errors much i in excess sof those mentioned : are ad- 


-missible in practice without indicating that the water meter is a 
faulty machine for its purpose. In his excellent on Ww 


meters, Mr. Thomson states that of 5 to should not 


> 4 


— 
— 
90:76 | 1.0767 | 45.66 || 46° 1.0368 | 
il = 
| 
4 
tm 
— 65.00 | 1.0089 | 581.80 }-in = 
— 98.47 | 0.9885 | 172.25 
— The perfect meter is in the future, ant duuvuress wi contal 
prineiple laid down by John Thomson, M. Am. Soc. ©. E.; 
meanwhile, no one is justified in rejecting the modern displac 
— - meter, as a device for the measurement of water, upon the theor a 
—_— mete d for th t of water, upon the th ie 
is not sufficiently for alll practical purposes. | 
tmz: 
curacy of measurement provided he is quite sure that the variations 
— Pe of the meter from the true discharge do not exceed the limits laid 5 9 
down. In these and other tests of water meters which the author 
a A Memoir on Water Meters,” Transactions, Am. Soc. C. E., Vol. xxv, p. 
te 
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of the widely varying: streams which ‘flow 


— 


‘conducted under the auspices the Boston 
1-88, , and, curiously the 26 “meters tested there, aly 


Maximum.| Minimum.| Average. 


Loss oF . AND Repucep CITY o 


Re... During the time the meters were wo being tested by t ‘the author f for 
‘accuracy at different rates of disc harge, the e pressures were were taken. only 


“By 


on the inlet side of the meter. . Subsequently the pipes werearranged, 


as shown in 1 Fig. 2, to take » pressures on both sides of the meter. » i 
ing these tests, the the standard orifices 


and under 10 Ibs. were taken the mercury ypiezometer 


7 Ae careful review of Table N No. 5, and of Table No. 7, giv ing t! the re 
discharges with “meters connected in the test 


indicates that the disc meters consumed less of the static head on the 


service pipe, an and therefore realized a larger percentage of reduced 
capacity than the piston or inferential meters. the dise 1 meter can 
be shown to be as durable in serv ice, and in other r respects equal to 


the and inferential meters, it i is entitled to first: place i in 


— 


—  — 
pe 
— Boston and Wyoming, are brought together for the nearest concord- 
y for these meters by these tests were as 
REGISTRY. = 
_ 
— — — 5.23 | | — 1.40 
— Empire .........| — 0.86 +02 | —0.18 + 92.99) +199) — 810 
— 8.64 | 40.58 | || + 808 | +199) + 18 
Union......-....| — 16.84 | + 0.88 2.38 + 98.91 —0.51 | | 
— Worthington... + 10.82 | 40.67 | +4 2.08 || + 18.02 | —0.26 | + 448 
— 

tm 
— 
— 


‘durability of water met 


but, from authentic “data in his 


hands for professional purposes by a » water 


meters; and if this. opinion is w is well founded, it become 


. Crown, No. . 187 55... 


a 


TABLE No. 5— 


“standard of water meters for domestic uses. ee 
on 


Heap By METER 


Loss oF 
pall 


Diameter| 

of 
orifice, 

in inches. 


| pounds, | pounds, 
inlet. | outlet. 


loss of 
head. 


a 


Piston MeTers. 
29.00 
| 


2 


noe 


PASS 


fin, Nash, No. 191 160 


fin. 
fin. Pittsburg, No. 10 798........ 
#in. Nii Niagara, No. 1890 901,. 
Standard, No. 
~~ 
Lambert, No. 121 


fin. n. Columbia, No. 0. 67 189, 


ia 


o 


8 


_ 


4 


re 


Sssss 


Z 


Losses of head with and ¥,-in. orifices not by the gauges used. 


iti is not apparent to the author why a ae meter should be sub 
be to more rapid weer wear than a piston meter, nor w hy it should be a 


s durahle as the ather tyn 
— 
- 
2) 
| 
7 


HILL ON TESTS OF WATER METERS, 
may be true that the ro rotary 


un wi the vertical play | of the sini is no greater than than in a new meter; 
but the cost: of doing this—at least wee small meters—will be as much 
or more than the cost of replacing a worn-out disc, 72 the } pistons of 
a the piston meters wear sufficiently at the displacement surfaces to 
render the registry emmeaptamed then new ew pistons become necessary, er 
of which will be much greater than new dises for the disc meters, 
‘The loss of head and reduced of tape by th 
- a introduction of water meters may in some instances be a serious draw- a 
> back, especially when the consumption should at times quite equal - 
the capacity of the service the other hand, it may 


y 


: aa urged that the small difference of time required to ‘fill a water- closet 
tank, bath tub or other domestic. convenience, can constitute no ‘serious 
objection to the slower meters; but in the ones of water being token 
through meters for domestic fire } protection, then the loss of pressure 


and capacity b becomes very serious objection. Such a condition i in 


“connection with meters fortunately does not often arise, but iti is a 


entitled to some consideration manufacturers should strive to 


construct 


a 


Sin. -galy vanized iron pip 


move h the results noted in Table No.6: 


TABLE No. 6. = FOR REDUCED DIscHARrGE oF APPARATUS WITH 


Mrrer Removep. 


Time, | | Pressure Tempera- Discharge, in 


orifice, supply p water, 


i 


¥ 


 & 


a 


"4 


convenient or is a 
— 
= 
a 
vad a 
ite 
itm 
— 
al 
Fig. 2 was connected up with a piece 
4 the burrs at the ends filed out and 
— test. 
— 
1 
—— 


Diameter ‘| Gallons Gallons | Percentage 


orifice, — i r hour, r hour, 
| ce, |supply pipe, by 


in inches. | in pounds. meter. — 

“Worthington | 20.68 28.27 1822.0 | 


Crown 872.85 


ot 


Worthington 


8B 
a8 


= 


a wa 


R 
Q 


ash .. 
Hersey 
Trident, No. 
Trident, No. 
Trident, No. 
Trident, No. 
Pittsburg, No. 8 011....) 
Pittsburg. No. 10798...) 


BB 


Trident, No. 23 178 

Pittsburg, No. 8 011, 
N 


‘Lambert 


RASSER 


«Ra 


‘Trident. No. 28 178 
Trident, No. 23 18 
‘Trident, No. 28 176, 
_ Pittsburg, No. 8 011 
Pittsburg, No. 10 798... 


J 
762.43 
on 
| 95.10 | 


_ 

>i In these tests a piece of pipe of the same length as the average — 


measurement from out to out of meter spuds was substituted for the cf ox 
meters for comparison of the discharge of the simple pipe arrange- __ 


BRS 


t with the discharge of the several meters. From the data thus 


7 
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TABLE No. 8. OF Ww AND Hansune 1 


¥ 


Pressure Loss of | heed, Ratio of 
of test. tank to | gallons” 


in inches. “Pounds, unds, “Meter. ‘per hour. 


24.50 18,75 0085 

Not measurable. 1.2110 

7 


Not measurable. | 
16, 
6.89 
0: 
Not measurable. 


$-in. Trident, Ho. 93 178 w 


25.00 19. 
09 Not meaisurable, 
-in. Trident, No. 71%a lambure) 


“Not measurable. 


2:843 


= 


=" 


882! 


= 


BS: 


‘obtained, curves were plotted for the }-in in., in. and ti -in. “orifices, 


with the abscissas taken - the discharges in gallons per hour, aa 

_. the ordinates as pressures in the service pipe. — The cur 


f a meter is compared with the 


for the given pressure on the inlet, to determine the loss 
‘capacity by! the resistances in the: meter and its connections. The rela- 


7 tion of the discharges by meters to to the ‘discharges | by the plain pipe 


of the same approximate length os as the separation of meter apads, is 


“a A few years ago the water-works of Hamburg, und under the direction — = 
of Herr oO. Then, conducted a series of tests upon three of the ‘meters — a 


il cor | 

— in. Nash, No. 
— q 
— 
— 
— 
— — 


5 


‘HILL ON ON OF WATER 
represented i in the Wyoming | tests. results of these tests, as far- 


ost nearly s agreeing, are compared i in Table No. 8. 

Trident and Nash meters, which came under Mr. 's obser 


“vation, seem to have not quite as accurate as those tested by the 
or, while the Lambert meter, tested abroad, ga gave” very ch 


better results i detail and as an average. = 


TABLE No AVE! 


points are considered b . Iben as essentials of a 
a : (1 1) Sensitiveness or accuracy of registry at different ra 
of dhecharge; (2) capacity a size oof and Je 
sented in the Wyoming tests, which, excepting with the small streams 
2, : of about 11 galls. per hour, gave very accurate results, ~ ban 


iderable reduction of pr pressure and capacity at the service pipe. 7 


| 


The use of water meters is much more ‘general in Germany than 
in the United States. . From a compilation of statistics of the water- 


Works of of one hundred and twenty-one cities in Germany, including 


em in ‘Holland, one in Denmark and one in Sweden,* the following s* 
information with reference to1 metered and unmetered water is take 


ie 1895 is s stated. as as 445 158 552 cu. m. (117 oe 000 000 galls. ds 
quantity 220 158 552 cu. m. are metered, a1 and 222 604 203 en. 


other ten cities consuming 31 per year. Of these ten 


fests Cities: all excepting Zurich, Magdeburg and Leipsic are « of small indi- 


vidual population. So far as the statistics indicate, about half the 


ag Zusammenstellung der Betriebs- Ergebnisse von Wasserw erken, 


4 

ace Ennons or Reorsrey. = = 

a 
> 
a 
*| 

4 
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$-in. Crown n.. 
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d-in. connections 


£-in. Worthington} 
connections 


-in. 
}- in. 
?-in. 
£-in. 


4-in. connections . { 
PE 


5 


ou 
Rorrnond 


a? 


= 


@ 


‘Meter. 


3-in. Crown. ‘ 

}- in. connections . 


3-in. Worthington 
connections . 


‘Herse 
?-in. 


3-in. 

j-in. connections 


j-in. Lambert. 
2-in. connections . 


HAMBURG. 


wy. 


Gallons 


| 


vo Swe Rea 


x0 


_ a device which will not compare in accuracy of measurement with th the 


displacement water meters made and used i in the United States. 


_ In the London water-works different practice 


es are followed by 


several compentes. The Riv er Company meters all sup- id 


plied to large on and railway companies, the water used 


for street + sprinkling, and ‘sometimes the water for ‘sewer flushing, — 


amounting me all to to 22. 76% 6 of the whole quantity supplied. 


The Ww est 


Company does not any part of its supply. 


ngs, 93, 3.6% of the total sup- 


“ply. The ‘Company. meters 11% of its: total supply. The 


ce ; East London Company meters 19.8% of its total supply. ‘The Grand ; 
Junction Company meters very ‘small I part: (about 1%) of the water 
‘supplied, and the Kent Werks has meters on “- 439% of on its serv ices. i 


examples ‘the water is metered ‘to a district the 


= 


— 
tm 
TABLE Xo. 1 E Losses ‘OF Heap BY 

4 
— 
— 

— 3-in. connections be = : 
— 

— 
— 
— 
tm E 

furnishes. The Chelsea C 
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‘Descen n waste detectors furnished with recording apparatus. ‘The in- 3 


er termittent suy supply to > tanks, by the older practice of furnishing w water to 


houses in Londog, i in many instances renders meters less necessary than 
Fe = the wholly open or undefended s services in cities of the United States. i 
For purposes of « comparison the tested, both at Boston 


and Hamburg, and by the author, a1 are brought together i in n Table eNo. 
- 10. In comparing the losses of head in these testa, it should be 


noted that at Boston and Hamburg all were }-in. meters with 
connections, while the Wyoming ™ meters (excepting the Hersey) were © 


j-in., with standard }-in. connections 


Pei 


The 1-in. connection i is actually 4%; in. in diameter, while the 


connection i is actually j + in. diameter; ‘and assuming t] the los: loss of head, 


a é. @, , the resistance by meter, to’ vary ‘nearly as s V?, then the losses sof 
he head by the author's 8 tests are with few exceptions uniformly lower 


than the losses 
‘sidering only the meters in the Boston and Wyoming it is 


possible that the latter may contain better proportions an workman- 
_ ship than meters from the ome manufacturers ten years 2 ago. a 


OF “Water Merens. 


ing the sony reputation which Worthington 


7 
| 

| 
| 
| 


compared with the Boston test of 4-in, meter 5 the San 


Francisco test of in. meter No. 26 737.* 


Diameter, 
of 
orifice, 
in inches. 


Pressure, | Ratio of 
pounds. 


SRB 


Hin, meter, No. 100020, tested at 


5 


on 


meter. No, 5 990, tested at Bos- 


EB. 


=] 


‘meter, No. | 26 737, tested at 
he. Francisco, 1884, 


5 


— 3430 — 

7 

4 

— 

way of show sha long History of actual 5 

water meter has E 

4 — 

— 


7 


‘The principle of Worthington meter is such it 


_- proportion of “parts, It was a characteristic of the late Henry R. 


ha — excepting s as they related to ‘materials of construction and 


Worthington, M . Am. Soc. C. E., tl that all his inventions were per- 


fected when they: took form i in n his great mind. oo 


Maximum. Minimum. d 
Worthington, No. 100 020...... 


Worthington, No. 5990.. 
W No. 737 


Considering the durability of water the records | of many 


pants departments will show that some meters have been in servic 
for many years and have given no serious trouble. a How well these 


a old meters are accounting for the water passing through them can we 


as known by © them the service ond testing them, 


this is a feature that seaeine es more serious , consideration than sé seems 


to have been given to it thus far. 


In order to obtain information o on the w wearing wd water 


All meters were re obtained from well- know rers, and 


Prt. 


” an 1d run beyond their 


capacity, these “conditions was more e likely to 


2 


a 


— 

onstruction, it appears that the earlier 

— 

— 

= 

— 

j 3 ‘little information is forthcoming upon the accuracy of water 

tmz: 

Meters, Water department took six meters Irom Stock, 
7 

re 
| 
— quite the equivalent of 20 to 40 years in an ordinary domestic service _ o 4 
— in, 

4 a = 


a) 


meters. | service. per hour. 


|Failed to register on 
soe Inferential 
Failed to register. Di 
cracked on8dday. 
_ |Meter in serviceable con- 
dition atend of trial. 
_|Stem of disc ballbroken 
on 25th day. 
Meter in con- 
dition at end of trial. 
Meter in serviceable con- 
dition end of trial. 


“able as as a a stop-valve or piece of cast-ir -iron n pipe. 
“An examination of the records in detail of meters E and 


‘indicates a very ‘uniform operation from day t to pom throughout 

w whole per period of time, and considering the 
4 pulsations of the discs (from 63 000 000 to 90 000 000) required to p pass 

Joe the amount of water credited to these meters, one omant aa to be | 


impressed with the performance of these simple little machines, 


which seldom excite our admiration, and sometimes come ‘in for severe 


when one’ s water bill happens to exceed his expecta-- 


r (: In connection with other experimental work the | author recently 


had occasion to test two 3-in. water Worthington meters for the 


oh Cincinnati Water Department. ‘ These meters were used with water at 
4 190° Fahr., of the natural consistency | of the Ohio River, between 


i July, 1897, and April, 1898. The back pressure on the meters was 
about 105 Ibs. during service, and the rate of operation quite uniform 


“from day to > day, averaging 180 cu. ft. per hour. | The results of these a 


tests, at different periods in the service of the "meters, indicate how 
ak. rapidly they depreciated with hot Ohio River water. The Pistons and Cia 


eylinders y were of brass, and the meters were constructed ana recon 
stracted for the special service in which they were 1 sed. meres 
j 


— 
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occur than if they had been operated for twice the length of time at ki Fie a a 
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_ HILL ON: TESTS OF WATER METERS 

TABLE No. 


on n. Connections. Brass Pistons and Sleeves for Hot Water. 


Cubic feet for a Ratio of tank to of meter, 3 


In. Wi ORTHINGTON Meter, No. 70 
“in. . Connections. . B rass Pistons and Sleeves: for Hot 


The wear of meters with water st at normal temperature, free from 
‘sand or other material which will cut the w: working parts, should 


h le than w ith hot water containi t ti h 
much less ‘the i ‘ing at times much 


‘mud in suspension, but the wear and reduced accuracy of water 


reports have come to. the ‘author that meters have 
i. 4 passed e enormous quantities of water without evidence | of | wear or re ; 
4 duced a commmney of measurement, but ut the water meter is a a working ma- 
- a chine, and, like all other machines, 1 must be si subject to ) wear, and, un 
_ like most other machines, is not usually “Situated : so as to admit of 
- frequent examination and adjustment to compensate for wear. The : 
author inclines. to the o} opinion that the rate of wear and reduced accu- 
ee ya racy of Measurement will conform roughly to curves such as are indi- 


—_ by Fig. 3 for the hot- water = Westhinghon me meters. _ The curve, ve, of 
andl each 


| 
— 

a 
q 
= 
— 
—— 


In Fig. 3 the ordinates represent the p entage e of delivery of the 


meter in exe ess of the registered amounts, or the ‘percentage of water 


iS OF 


by tank measurement to the registry | of the n meter, 1¢ less 100. In these a A 


experiments from 20 to 25 cu. ‘drawn 


| 


If the author’s ‘thecey is tenable, then meter could ia 


7 me furnish their customers with diagrams to be used from time to time in Pir. 
DIAGRAM SHOWING RATE OF WEAR OF 3 IN. WORTHINGTON HOT-WATER METERS 


re, 


80000 40000 50000 60000 70000 90.000 
| CUBIC FEET PASSED THROUGH METER. 7 


it, , this. diagram will the proper by which to 

multiply the meter record at any period of its useful history. 

‘This brings up the consideration of the maximum average 


allowable in in water meters. Conferences with severa al meter manufac- 


— 
| 
.—l 
im 

| 
= 
| Ii 
| 
record, to obtain the true discharge or delivery — 
water. If a meter thus is fairly accurate w 
after 50000 cu. ft., or some other quantity, | Fy 


“HILL ON TESTS OF WATER METERS. 
turers indicate that i in their opinion a a meter i is safe to use until the 


error reaches 7% but there can be no doubt that there are in 1 daily 


— many | meters in which | the average error is much ¢ greater than 7 per 


Ss cent. 24 Certain 1 meters in these tests have average errors of more than 2 * 


7%, ‘and with. meters which have been long in service, with no 
plaints as | as to stoppage or interference with the su supply of of water, ‘the 

error, i in many as as indicated by the 8 experience, will 


be found to be ‘much more than this modest figure. fe If 7% is regarded gi 


a generally a as the maximum allowable error, then thousands: of meters 
port 
now in wee in all probability, should be replaced by now meters, 
proposition which all meter manufacturers doubtless will approve. 
Ane error r of 10% may be admissible, it i is known and the 


FEATURES OF Waren, Merers. 


10% furnish for conde of the 


s the pistons a 


Worthington, pistons are: made of drawn- brass tubing, with | 
|= tral cast- brass head. This head unites s the two tubes which for form the 
piston, and ‘receives the impact when the 1 motion of the piston 
arrested at at the of the stroke by the » In the Crown, Em- 
pire and Union Rotary 1 meters, the piston box or case is made of fine 
bronze. The piston box in the Hersey | meter is made of vulcanized ee 


= and the top and bottom plates which close the box are tice 


“ of bronze ze and cov yered with a coating of rubber a about: yi in, thick. 
The working parts (excepting the gear-train) in this meter ‘present 


- only rubber surfaces to the action of the water. Ina all the rf 


ses are ma de of ee rubber. In some meters the — 


over r the the fact i is snot to author. or. The buffers sof 


the Worthington m meter are made of vulcanized in fact, this 
material forms 81 such an n important feature of water meters on in the 


: Union Rotary an and Columbia meters, e even 1 the gear- trains are made of _ 
vulcanized rubber; while in the Pittsburg m meters, the first spindle of 


the gear- -train turns in a vuleanized rubber r bushing. The two large 
~a elliptical ges gears W hich connect the two pistons of the Union Rotary 


meter are made of vulcanized rubber, while ) the eccentric moving “4 


piston of the Empire me meter is. — by a a vuleanized rubber } - 


= 
| 
— 
— 
| a 
— 4 
— 
— 
> 
— 
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:a which projects from its under side into ac chamber in the lower cap of 
the piston box and i impinges against a bronze friction roller. weiaaes 
With th xception of the the Worthington, Union Rotary and “J 
‘ “(Diss all the: motess have bronze gear- -trains, with cut or pressed oor 
andy pinions. . The Worthington main gear isa single brass ratchet or 
a crown wheel actuated ed by a a pawl which is moved forward one tooth or - 
more for each complete motion « of the pistons. all the meters 
meters examined i is made of bronze. In the Trident meter the 


sections of of the. iso box are united with a snap joint. Ib the Stand- 


- ‘meter this sn snap joint is supplemented by screws, and in all others, aa 
excepting the Nash, the disc box is up with screws. bottom 
ot of the Nash bes: is held in “place by friction, until the is 
gerewed on the bottom part of the meter ease. the new | 
os form of Pittsburg meter the > dise box forms a a part of the meter case. — 
The bolts and nuts of the Trident, , Hersey, Hersey Disc, Niagara 
hi Pittsburg meters are of iron and galvanized ; in all other ‘ meters, ae 
"excepting the Worthington, the bolts are of with, nuts. 
The W orthington ‘meter case is put together 1 with iron tap ee . 
ho Screens are provided in in . all th the National meters to intercept solid ny 
particles i the water more than Fin, in diameter. ‘The same result is 
accomplished i in the Hersey Disc meter by the narrow annular space 
between the meter case and dise box through which the e water 
_ passes before it reaches the diso box. Inthe Trident meter a strip ip of 


thin brass is attached at one end to the inside of the meter case, and 


‘sround ‘the diso bor. This etrip brass is nar-— 


thine curved slot through which the water must pass before it enters *: 
pen the dise box. fal This device acte a a perfect inte interceptor of large solid id 


particles which might enter the meter and interfere with its operation. 


ee No provision in the other met meters to intercept floating solid matter was a = *v 
noticed by the author; but it is good practice with all meters ars to > place 


4 a fish- -trap or screen in the service pipe near the inlet connection, be- 
cause such are more convenient to open and clean than is the 


‘Some c 


— 
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ia 
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ing under high pressures. If has demonstrated this to be 
Te defect of this type of meter, the difficulty might be —— 


4 remedied by thickening the dise at ‘the center and tapering it 

7 ward the edge. To do this, however, will require the sacrifice pr o 


ae, part of of the ball-bearing sur surface or or are of vibration, which perhaps the a 


meter manufacturers might consider greater oil than the occa- 


ce “<i sional breaking o of the discs under high p: pressures. y In the Nash meter 


a the disc is s strengthened by a steel wire, , embedded i in the rubber n near 
these experiments the disc “meters frequently “operated — 
under pressures of 95 to 100 Ibs. on the inlet side, and, to test the , 
3 

of the dises, this full head was fen: turned on the meter 


suddenly 2 as the cock in the supply pipe could be opened, with no 


the su 
evidence of injury to any meter which the author examined, 


= 
Frost bottoms are are provided i in the Trident and in the new form a: 3s i 


a the: Pittsburg meters. These are of cast iron, inexpensive and easily i 


replaced should an happen to the meter the ) freesing of 


» water in it. 4 In other meters the top or bottom p piece of the meter case 
is made of cast iron, which is hich is expected by the the to 


ith one or two exceptions, all the meters | examined were well 


built, with nice fitting of all parts, and legible dials, 
= meters generally throughout indicate the highest class of 


oven and a careful consideration for the two essential features of a 
rater meter, vin, acourncy of measurement a ond durability. 
A function of the disc meter, which the at author has ni not heretofore 


= mentioned, is its capacity as as a leak detector ector. All t the disc meters 
hich re placed in the Tine the service Pipe, where ere the 


4 stop- -cock i in the discharge pipe near ar the outlet « of the meter, yer, the veda? 


tion investigation of the cause of “continual and 
regular pulsation oft the led to the discovery of trifling leaks in 


two taps which before had ‘passed unnoticed. Upon timing the Nosh 


ie. 


 dise were exactly f pa per second. The leaks were too small to be 4 


1 


_ meter under this condition, it was found that the vibrations of the 4 


"registered by the and the ot only ev vidence it gave their exist- 


‘3 
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a 
A. 


pe 
2 
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q 

- 
tapping ofthe driving pin against the guide or driving arm of 
— gear-train. After the discovery of this ‘new eter, 
— 


= 


results. If this rocking of the disc on 1 its beating with | streams 


small as to be ‘unmeasurable is a common property o of all disc meters, 


‘then they have an advantage over all other forms meter, viz., ¢ of 


wise might escape detection. 
| or Pistons or Discs PER Cusic Foor oF 
_ After the several tests were made, all the meters were taken apart 45 


‘earefully measured for water displacement per revolution of 


or dise, and the revolutions of or and by 


this was determined by “direct measurement the working 7 


parts, » while fc for the dise meters the ‘displacement per revolution wa Ss 
obtained by carefully waxing all openings and. filling with w water the ¥ 


disc box with the disc in it. From 


| the net volume the dise was 
es stances this result 1 was checked from careful measurement of the a sc 


and box. In the Columbia meter the revolutions per. cubic foot « 


water discharged were calculated from the one -train dean. Pca. 


. 15. —Revowvrions oF Pistons PER CuBIC 


Cubic inches, Revolutions, 


-displace- by piston Revolutions, Percentage 


by gear- of slip 
‘ment per displace- 


. Empire. 

. Union Rota 


-in. Hersey... PE 5.415 
4.770 


. Pittsburg, 8 011 
-in. 10 798... 
-in. iagara 
in. Standard. 
. Lambert... 


— 

| 

= 

— 
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HILL = WATER ‘METERS. 


w 
by his village: (1) The relative accuracy thes same of 


— 


and water delivery of the disc meters when ‘compared 


when n operated with widely v varying streams of water. These 


- questions the author believes have been answered by the tests. a 
‘The conditions were alike for all meters, excepting the pressures ; 


‘in the supply pipe, and this variation of pressure was due to the cir- 


‘cumstance that the street main from which the supply pipe to the 
meters was run was also a pumping 1 main, , and the variation of press- 
ure in the ‘supply pipe could only have been avoided by making 
all the tests at night under reservoir ‘pressure. The author has 1 no 
reason to believe that this variation of pressure on the inlet sides 
aoe of the meters had any influence on their accuracy of measurement. ae 
Results were sought which would be fairly comparable with 
other rather than precise in ‘themselves; ; but this: ohne must be 
“accepted a as applying to the apparatus and not to 0 the observations = 
and deductions, which were were carefully made a1 and checked by at at least 6 iC 


two competent persons. 


: Prior to this investigation . of water meters ers for: domestic ser service, the 


= 


author has several times been called upon in a professional capacity to 


examine report upon 601 some | of the better known meters, 


takers. _ From this experience, and the occasional use of water meters 
for test purposes, he has acquired a confidence in ‘the .e reliability of 


these devices, which, unfortunately, is not generally shared by water- 


works engineers. This confidence has been strengthened | by the pres- 
7 - ent investigation to such an extent that he believes the use of water | 
val -meters should become, at the earliest: possible date, an essential 


+ feature 0 of all mabe works 5 which pretend to conduct business upon 


= 
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yg Socie ty has material for at different i pated of his experience, but a 


ee is, that few members take the trouble to ] prepare and submit such , 
useful data. The author is therefore to be especially commended 


; + peas ‘The speaker regards the apparatus d described as adequate for such a a 
=. test as the au author desired to make, and believes es that. the Ghestectinn., ir 
_ Fig. 2, might well serve as a model for those who are not satisfied with a 
the experience of others and desire to demonstrate for themselves, 
i< through the medium of a bench test. As a manufacturer, the speaker 7 
prefers the use of tanks which by volume 1 rather: a 


_ charged through the m meter. 7 ‘Thus, if the m meter indicates 9 cu. ft., ,and - 
10 cu. ft. are found in the tank, the scale would read 90%; or, if the 
meter indicated 10 cu. ft., and 11 cu. ft. were found in the tank, then 
the scale would read 110 per cent. This system of notation is believ red 
to be preferable to expressing the error as ) plus or minus, or by the 
of cubic feet 0 or gallons. = 


and carries his s tables: a refinement 


toit its This is is to be but ibsimply 
tos suggest that future experimenters may safely neglect this detail, 
because no commensurate result is ordinarily derived. Thus,inTable 
No. 1, the greatest difference of temperature noted is 9°, equivalent to 
approximately 0.05 lb. per cubic foot, or less than +s of 1%, an error 


a which ie is probably less than that of the platform | scale u 1 used. ” ‘There i is, 


ranges of, say, 15 to 25°, which may be taken into account, under cer- 
a ae tain conditions of operation, that is, the effect upon the displacing — 
ase member of the meter when made of hard rubber, as the coefficient of - 
expansion of hard rubber is different from that of brassor composition. —__ 
Therefore, a relatively moderate change of temperature may affect con- 
puekly the registration of the meter at low rates of flow, increasing © 


treme high temperature this 1 may Ww wreck the meter. 
__ The author occasionally uses the term ‘accurate ” ee sensi- 


| > Jou Tuomson, M. Am. Soc. C. E.—This paper, treating of a test of Mr. Thomson, = 

— 

5 

q and the sliding scale which is connected to the glass indicating tube 

graduated to denote directly the percentage of the total quantity dis- 

which, in the speaker’s ] 

4 

Si 

of 

4 


Then, too, the maintained sensibility of a meter is poste largely 
- upon the conditions 0 of operation an and the water which passes through 
a it. In this connection it may be well to note that the foreign matter 
carried by the water described by the author is not calculated to im- 
= the condition of an accurately constructed device. Asa matter — 
= fact, as frequently proved by practical use, all meters set where ey 
water is with or silt ought t to with 


reason this is that when the parts are closely fitted the first effect 
grit is to cause them to wedge, bind, cut and wear, usually producing 
ag by such automatic action a greater. degree of clearance than if originally 
; fitted with sufficient freedom to permit the particles to pass freely. “a 
—- _ ‘The speaker, however, has quite given up the expectancy that this oft- _ By 
repeated suggestion will receive much attention; as ordinarily the 
water-works superintendent or engineer, who undergoes a change of 
- heart from the system of disposal at the discharging capacity of the ae 
faucet to that of paying by measurement, is then not content 


rises to the situation and would subdivide it by as if it were 
liquefied oxygen or Scotch whiskey. 
“ad _ The matter of sensibility, however, is especially important, and 
should be considered, where meters are used in connection with tank ty il 
a "servi rice and the like, or where driblet flows are desired to be registered. a ; 
7 In the dise type of meter, especially in the smaller sizes, the degree = 
of sensibility obtainable is dependent upon the quality of the water, __ 
_ that is, whether pure or otherwise, the materials used in construction, : 
the frictional resistance of the reducing _gear-train and the degree of 
accuracy with ¥ which the dise and its casing are fitted. —f Suffice it to 
say that it is entirely feasible, and has frequently been carried out in 2 
__- practice, when required, to produce disc meters of the §-in. and j-in. © 
sizes that will indicate from 50 te 75% of the quantity discharged when 
t the rate of flow is as low as 7 vs cu. ft. per hour; but, for the great 
- majority of conditions, such refinement would be as much out of place ~ 
as to nickel-plate a sand pump or a soldering iron. eae 
comparison of the Wyoming and Table No. 8 
is interesting as showing the wide in in rate of flow, fi from 20 ‘to 1 io Lup 
— the matter of or of head due to the 
meter, this, in many cases, is of but little practical importance. The 
general application of meters, with the paraions saving of wasteful flow, 3 
has the result of increasing the dynamic head. This is a well-known fact, 
_ but is not infrequently over rlooked by yy experimenters and theorists. he 


so far as meters of the disc ty pe are concerned, all of those pow on the 
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DISCUSSION ON TESTS OF WATER METERS. 


om market could readily be modified to secure & delivery almost equal to ™ sical 
ae that of the pipe, but this would be bad for some of the meters. Nearly — : ~— 4 
all the differences of obstruction in the several disc meters tested by : 
the author are due, not to differences of mechanical operation, but to 
variations in the form and construction of the water-ways and ports, es 5 
~ and the screens or other analogous me means for material 


very free in its may, in some instances, be an element of danger, 
in that it will more quickly result in the destruction of the meter. The 
reason for this is that it i is only in rare instances that meters are se- — 
lected, for the service they are to perform, on the basis of their — 
it capacity. The almost universal practice is to simply select a meter, _ 
the needed size of which corresponds to that of the pipe to which it~ 
a is to be attached. In other words, pipe-fitters and political appointees a 
‘not, alw ways 8 engineers, and a meter, to be successful commercially, 


services are to Then, if the ‘meters themselves caused an 
= to the flow greater than that of the pipe which they dis- 2 
: placed, the desired supply, obviously, could not be obtained. a fl 


“dition has to be in practice, this kind of practice” 3 
a meters are set to restrict waste. In such cases, whether wine 


_ coefficient of obstruction of the meter isa full number ora fraction 
thereof is of but little consequence, in that the quantity saved wil c 


_-Testore a greater degree of the dynamic head than is absorbed in the 
measurement of the quantity used. This fact has been proven 80 co 


a 
pletely and so so frequently that an excuse would for bringing 


up here were it not a theme which, dear ws the hearts of many, like wed aoe 


sary but to the inv nvestigator whose mind may thus 
clouded and perplexed by attempting to assimilate data which are © 


largely nonsensical and useless. 


and means the outer used for ascertaining the = 


regards as most excellent, he used this for similar tests 
with the utmost satisfaction; but he fails to see why a comparison of a 
he discharge o of the meter should have been made with curves o of f theo- a 


> 
— 
i 
— 
In fine, the nub of this obstruction matter may be thusillustrated: 
— 
— 
¥ 
: 
— 
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; =a a comparison should have been made directly between the discharge of 

> - the meters and that of the pipe. — ‘Referring to Table No. 6, and taki pes 
the discharge in gallons per hour, through the } in. orifice, the saverage Be 
of the first five quantities in the right-hand pbremes is 961.49 galls. Sg 
Then, taking five of the disc meters tested, as in Table No. 7, the 

a maximum average is found to be 906.21 galls., or, assuming the pipe as_ 

, - unity, as it is for this purpose, and the static pressure equal in both | 
cases, then the relativ re capac ity of the meter is 94. 2%; that is, » when 
the maximum discharge is determined, both in the meters and in the 

pipe, by the same static head and the same sharp-edged 
havinga perforation} in.indiameter, = | 
—hu——e the remark about the test by the B 
: Board, it may be of interest to note that no meters of the dis ate 
SAPS then on the market; and that since then, or in about eleven years, fully | 
_ 250 000 meters of this type have been made and sold by American manu- Ee 
facturers. Had not boon for archaic conservation this number would 


veral years has receiv ved the clone of engineers familiar 
ath the state of the art, has been the differentiation of the type to its — 
est terms as respects price, accuracy, and cost of 
: This i is 8 by far the 


© 
t 


ance of the dise ty] pe is furnished by ‘the author himself, 
the four Trident meters specified by their serial numbers in Table 


No. 1 were shipped to Wyoming in September, 1896, where they body 
it is understood, ‘been in service, and that at least one of them, 


25 000 « cu. of water prior to remov ing it for this bench test. More- 
over, the sins calibration, as recorded at the factory, corresponds 


‘on performance on sensibility flows may be regarded as highly ¢ cre 
- tothe especially so, if they were not pulled apart and cleaned out prior 
3 i to the te: test, so as to put tl them in proper | condition for a companaiive 
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— this in full measure. The speaker, therefore, takes the liberty of 
serting that the question of type is not a matter yet to bedemonstrated; 
— asthe disc type, to quote, by adoption, the author’s own words, has pee ag 
already become the standard of water meters for domestic uses.” 
— 
q 
— 
— 
most important element to be considered. it 1s taken for grante atthe 
author includes in this general term convenience of examination, main- 
— 
— 
— 
— 
however, shows considerable deterioration. Nevertheless, ifthe author 
— 
— 


“were provided with extension dials lials about 3 ft. in 
an would also be interesting to know, in this co connection, ., whether these pe 
iY meters were tested with or without the extensions. If without the - * 
tensions, and the meters were subsequently set in service with the ex-_ 
oe _ tensions, then the bench test for sensibility 1 would have but little value, 


sensibility of all meters arranged in this manner, 


as the extra friction caused by by the additional parts 1 materially r reduces 


The experiment of turning on the full inlet pressure suddenly a 
Py test the strength of the disc,” is without significance; having, as a de- | 
seacteation, no practical value whatever. © This statement is made on 
Destructive Durability Test of aXln. Water Meter. 


of Flow in Cubic Feet per Minute, 


_Diameters of Jets in inches. 


= 


First Test. 


ay| 14,'96, 
hfter passing 001.153 but. 


_ the presumption that the meters were tested in the circuit as shown in 


‘Fig. 2 2. ‘The: intention of this experiment, how ever, W was most laudable; 


dise- -piston to break, eapecially when made of hard rubber. Such 
failures, however, are quite as to occur when the pressure i is 


~ dise- pistons 8 are not due merely to e excessive pressure, but are caused 


through the disec- chamber, thus the disc a 


by: such a hydraulic condition as will produce very high velocity = 2 y 
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Thomson, 
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| Line B: | ia 4 
a After passing (724.540 cuft. — 
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a 


son. of the ball and ‘socket, 
; nearly all the meters cited, will permit the disc to jam between the _ 
wall of its casing and the diaphragm, which results in its ruin. .. 
would appear to be evident, therefore, that a mere be bench test is of but 
little value for ascertaining the relative durability of dise meters, in | 
a respect to the endurance of the discs, and that for this detail the only — 
test entitled to any importance is to operate the meters under very 
high rates of delivery, either continuously or intermittently, ‘until | 


large volumes of w ater have b been dise *harged. The consequence 


its ability to stand severe punishment. As saaiuee upon this question, — 

the results of some experiments of the nature indicated, made by Mr. 
re OS F. Brown, Water Registrar of Fitchburg, Mass. » are shown | in 
‘Table No. 16, and in Fig. 4, which the spé speaker has prepar red from orig- 


~ inal data furnished by Mr. Brown. 


TABLE No. 16.— —Dvrasiuity Test or a §-In. Disc WatTER Meter, 
PREPARED FROM: RECORDS URNISHED BY Mr. A. F. Brown, 
W ATER REGr RAR, FircupureG, Mass., WHO Coxpvcrep AND Con- 
TROLLED THE PERFORMANCE. : 


(This twial was undertaken with the intention and ‘expectancy of Pe 


& 

DIAMETER or Jurs, INCHES, AND PERCENTAGE OF 

ERRor, Pius on Minus. 


Sept. 19, 1894. 
Oct. 3, 1894,. 
Jan. 28, 1895.. 
April 18, 1895. . 
Oct. 23, 18%.. 
Jan. 13, = 
April 25, 1896. 
ay 14, 1896.. *|1 001 158 


Cor 


4 


Concurrent with the another 5 -in. Meter was py tested ‘until 817 561 
eu. ft. had been delivered; the last 78 000 ft. being at the rate of 6.5 cu. ft. a minute 

- under 150 Ibs. pressure, finally smashing the disc, which, after passing about 740 000 cu. 


had stood for 27 300 000 rev olutions, at the rate of 88 nutationsasecond. 


a 

— 
il 
— 
— 
Bept. 1, 42.5 | 42.0] + 
6.0 | 0.0 5] 
— 15 |—1.0} 0.0 + 
== mechanical service, assuming daily consumption of 250 galls,.... 118 years. 
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DISCUSSION ON TESTS | OF WATER | METERS. a 


diagram, Fig. 3, in 8 judgment tl this is 


- able, and is not even properly applicable in the instance of the = 
ington meter, to which the diagram refers, because a 3-in. meter of this — 
ay type for the duty mentioned, is only worked to about + of its maximum + 
Ther efore, if fitted to give sufficiently a accurate results at 

low a flow, under the conditions mentioned it will the | ‘sooner wear 

itself free. This example is not properly comparable with regular 

practice, and does not do justice to the enduring quality of this meter. r.. 

The suthor’ s clever use of the disc meter as a leak detector is 

novelty. . The speaker on once used avery sensitive meter for the purpose a 
Lapis 
entioned, by removing the gear-train and substituting a delicately 

adjusted electric contact device, the circuit being closed and opened b. 

by the nutation of the disc. The wires were conducted to the desired 

place: of observation ¢ and connected to a telegraphic s sounder, the time E 

interval between the “clicks ” indicating the of flow and 
quantity. The number of places of decimals to which it would indicate 7 
was never definitely ascertained, but its sensibility was so pronounced 

that it was promptly christened the dew-drop ” meter. 
~The observation. made as to the “desirability of information re- 


ee peeling the accuracy of water meters after a period of use is fully 


concurred in by the speaker, who believes that much valuable infor-— 
- mation could be contributed by various members of the Society if 
= would do 80. . This information is largely in the hands of pur- ah 
chasers, and can only be furnished by them. a Private corporations, for - 
- various business reasons, rarely publish such records; while the records a 


a municipal departments are usually not in form to bereadily available. _ “a P. 


_ This condition is improving, however, and many engineers of public p 
_ works and water supplies are now w keeping close tab on this feature and 
also on the ¢ cost of maintenance. 
conclusion, the speaker ventures to remark that the fact that — 
Re meters in general perform as well as they do is to him a matter it “us 


of surprise; for there is no machine, | or instrument, bar none, from , 
_ which so much is preliminarily exacted, and which receives so little = 


ae attention once it is set in the dark corner of a cellar or vault. When a ct a 


: = “the policy of legitimate use shall have been substituted for that of un-— 


i, limited waste, then this compact, inexpensive, ever-vigilant monitor, ei 
when properly utilized, is capable of saving | to taxpayers during every 


decade tens of millions of worth of neodlons construction. _ 


time it was acquired, was expected to last for half a century, and when 
economy in the use of water is such an important factor, any informa- . 


tion which adds to the knowledge of water meters is a blessing ie the 
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No. 2 seems to the speaker to be misleading and liable to give 
entirely wrong impression unless" studied with | great care, As he 
understands it, a straight arithmetical average of the errors been 
made, as shown in Table No. 1, without regard to the range of flow. 
conditions of flow which cover nearly the of Tange. 


error might easily have been 60%, pe the a average error 20%, and 
used, all the meters would have been 


vould be ‘manifestly erroneous to aver erage. a velocity to the 
side of the flume, and representing a width of 0.5 ft., with those taken 


some distance out, and representing of several feet, ss each 

were multiplied by the width it cov 
_ By this way of figuring, : a meter r whieh w would not register with t oe 

dy-in. or orifice would show a very small av erage error, and one 

which registered only about 40% of flow with a yy-in. orifice, and which — = 


average error, and would give the impression that the meter i is s of no 
_ value as a measure for water, while for all ‘ordinary flow flows it it is alm 
exactly correct. This is one of the | places where an av erage is Sian dt 


pe. or similar reasons the comparisons given in Tables Nos. 3 ona 7 


of 3 {-in. meters, which are of about double the of 3 §-in. 
_ the minimum rate of flow was about 8} galls. per hour, which is evi- _ 


dently unfair to the Boston tests if compared by average error, as in ae 


‘Table No. 4, and the last column i in this table does not mean anything. 4 
The last column of Table No. 5 5 gives the percentage of loss of head — e 
_ figured on the inlet pressure. i Now, the loss of head is only indirectly 
a function of the inlet pressure, being rather a function of the rate 2 a 
vi. flow, and it is impracticable to compare tests of meters on this basis. 
__ The speaker regrets that this table is not in the form of rate of flowen and age 
The importance of the loss of head cannot be ov 
one hand the consumer usually objects to any appreciable lowering of a 
the efficiency of his service pipe as a water carrier, and on the oie: 
hand the Water Department desires to set as ‘small a meter as possible Pe 
in order to reduce the expense. With meters showi ing a small loss of 2) 
head, it is often possible to set meters of a smaller size than the servic Rs 
pipe, which would not be wise with meters showing a large loss of | 


head. © In reference to this, the speaker believes it is economy to put — $ 
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a — on the flow of water, fer who will not always insist on setting gi 
a meter of the same size as as the pipe when one much smalleris ample = 
for the work, or vice versa. “ In the speaker’ 8 experience during the %. 
past year, a number of places have been found having 4-in. services +ie 
where a 1-in. or 14-in. meter was ample to measure all the water used. 
‘The speaker makes the same objection to Table No.9 as to = 


No. 4, and cannot see how a comparison can be made on the basis of — 
average error, unless the tests are at thes same! rate of 


i N SHOWING ARRANGEMENT FOR TESTING © 13 
METERS AT BELLEVILLE GATE-HOUSE 
pared by percentage loss of i If the inlet pressure. was the s same 
in each case this might be possible, but with the inlet pressure vary- 
ing in the different cases itis not practicable. | 
fl The speaker has never been able to make a satisfactory comparison 
_ in such cases ; as this without the aid of ¢ curves and diagrams, and re- _ 
2 -grets very much that these experiments have not been reduced to this 


ve regard to the curves of deterioration, as s illustrated by the dia- 


— 

_ DISCUSSION ON TESTS OF WATER METERS. “a 
— 

ca — 
Table No. 10 the Wyoming, Hamburg and Boston tests are com- 
~ 

| het meters of the same make and using the same water would show eS 
e erioration curves widely different, and that such curves would not 
LEE 


— 


the « error r of the meter depends on a the rate of flow. 


= meter as a leak detector is entirely new, and should prove very useful. 
The speaker can say ‘‘ Amen” most heartily to the author’s closing oe 
~ marks in regard to the general use of water meters, and he looks for i 3 
4 the day when water v will be sold entirely by meter measurement. > Pour 
_ To compare the flow as measured by the meters with the total 
1antity pumped would be exceedingly ‘difficult, on account of the 
any variable factors in the case. The slip of the pump and the leak- = 
age of the ‘pipe system are usually variable quantities, 


with each watidies part of the system measured by one large V: enturi a 
meter, something | in the li line of ‘Mr. ‘Harlow’ 8 suggestion may be done; in 
but at present the speaker does not see how it could be carried out. ee 
_acase in Burlington, Vt., some time ago, and which wasreported to the 
New England Water-Works Association, a small district was entirely 
metered, and the leakage of the pipe system had been measured. On 
comparison it was found that the meters “accounted for 90 or 91% of © 
_ In view of the character of this paper and | its probable value to Bek 
water-works superintendents and engineer’ the speaker takes this op- 
portunity to present it in condensed form a set of experiments on small 
water meters made some years ago by the direc tion of Clemens Herschel, 
_M. Am, Soe. ©. E., Engineer and Superintendent of the East Jersey 7 
= Water Company, in order to determine, if possible, the best meter for 
Seven m meters were purchased in the open market without the 
manufacturers being aware of what was to be done with them. 
_ Four, the Union Rotary, Hersey Rotary, Crown and an experimental _ 4 
meter were of the rotary piston type, and three, the Thomson Bee, C 


Hersey Disc and Trident, were e dise 


Jersey WwW Company. All the were first tested for = 
; ai For test, a meter was set firmly in a horizontal position in a short line ai 
of 3-in. pipe which joined a l-in. pipe connecting to one of the main 4 
16-in. supply pipes, , about 2 ft. up stream from. the meter. On the 
down n-stream side, the short piece of vertical pipe just over the meas- 
: uring barrel was also 1 in. in diameter, and was terminated by a 1-in. A 
_ stop cock. The rate of flow was varied by screwing plugs, bored with 
different-sized holes, into the stop cock, so that in all cases the 1-in. 


cock was open full an the flow being throttled by 


Mr, Smith. 

_and opinions presented as admirable. What is said in regard to the 

— 

y 
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— 
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tity of water the meters fail to register. Possibly under a new order 
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To regulate flows a }-in. pipe with a stop cock Mr. Smith. 
pay The measuring barrel was set on a Fairbanks standard platform 
seale and was perfectly t tight. weights were read to the nearest 
vy Ib. _ The general arrangement is shown in Fig. 5. , 
ae, each side of the meter, and as near to it as practicable, a press- 


ure gauge was attached to the }-in. pipe, so as to observe the loss of 


head caused by the passage of water through the meter and its coupl- 
ings. These gauges were compared whe 


tester. Pressure was observed to the nearest jy lb. 
~The method of procedure in making a test was as 
= . Scale, with measuring barrel on, balanced, and weight recorded ; 
of meter recorded; flow started, ,and reading of 
pressure gauges noted; after a sufficient quantity of water had passed 
for a good experiment, flow was stopped, time noted and water was 


a Except for the very , small rates of flow, nothing less than 1 cu. > 


ge was passed through the meter for an experiment, a and for the larger 


were made with each h meter, and in the subsequent tests about 


ae flows the quantity was from 2 to 5 cu. Sea, ot 


In the first set of accuracy tests, Fig. 6, about thirty experiments 


<a The maximum pressure on the meters was from 65 to 68 Ibs. ewes 
<r After being tested for accuracy, the meters were set up and 2 


y until their dials registered from 103 000 to 106 000 cu. ft., when they 


2 were again tested for accuracy. at 
The time required to register these was from 


to days. 


17. 


Hersey Rotary 


a 70 000 cu. ft. The stoppage was due to the breaking of 


ie The meters were now tested for accuracy (Fig. 7), as in the first a 


place, and then returned to their places, and run time. 


a 
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DISCUSSION ON TESTS OF WATER METERS. 
Mr. Smith, Where meters are in general use the consumption is said to 

3 000 cu. f per family per year, which h seems small, From 

speaker's s observations he would consider it safer to put the consump- 
4 pty. 2 tion at 10 000 cu. ft. per year in estimating the service of a 3-in. meter, a 
ealeulating the yearly service of meters, the speaker wi will assume 

that 100 000 cu. ft. is equal to 10 years’ service. ds 


. Up to the end of the second durability te test the the oie had ru as 
shown i in Table No. 18. 


TABLE No.1 


ser- 


basis of 


tained 
‘Cubic 


= 10 


ft. 


years’ service. 


| 
Pr 


years 


ivalent y 


vice 


| 


main 


3 Name of meter. 


on 


100 000 cu. 


‘essure 

feet per seco: 


qu 


Rate of flow. 


hee @ 


The me meters were now tested the third time (Fig. 
‘and were then run against time as before, until they had pent se 
the quantities given in Table No. 19, when they were again tested ade — 
accuracy, the results of which are shown by ’ the ¢ curves in n Fig. 9. aa, = 


Equivalent | Pressure 
years’ service maintained mate. 
on basis of on +l Re 
-| 100 000 cu. ft. | up-stream 
= 10 years’ side, in 


Service. pounds, 


time run, 
in days. 


_ They were now set in a and left we under | 65 Ibs. presvare 
four months, Ma 


7 

— | 
Gate 


until the meter just ‘started, when rate of flow w was. measured. & The 
results are given in Table No. 20. 


T ABLE No. 20. —Rartes OF Frow AT WHICH WOULD 
to REGISTER, AFTER STANDING 4 MontuHs UNDER PRESSURE WITH NO 


Name of feet per second. | Gallons per minut minute. 


 ‘Trident........... . 
This | test was not entirely satisfactory, although it is of some value —- 
in indicating to what extent the sensitiveness is affected by the meter 


Rhy The five remaining meters were now set running as before, and at a 
a he Union: C Continued to run run un til it was shut off, when it had regis- _ 
z ” Grown: Ran until shut off, and had registered 1 120 000 cu. ft. | 
Hersey Rotary: Stopped after registering 920 920 000 cu. ft., and was 
_ Trident: Continued to run without accident until shut off, when a9 we 
Thomson: After registering 711 100 cu. ft., stuck fast, but was re-— 


paired and started again, but stopped after registering a natligl 


: _ The total registration of the meters, the rate of flow, , ete., uy up to ail 
= ae each meter stopped or was shut off, is given in Table No. 21. al 
Bot ati There is little doubt but that some or all of these meters iene 
sooner r if shay had Tun er rate of flow, under 


the ‘water was very and contained or no 

corded, the meters were thrown to one side, 


hee The The results s of this bas test are | give en in Table No. 22. 


Mr. Smith, 
we 
— 
— 
4 

i 
= 
> 
| ma 
a) 

— 


Mr. Smith. 
— 
meter. days quantity basis of 
istered. | 100000 cu. | Cubic 
Cu ic feet.| ft. = 10 | feet 
|: ‘sup-| Per | minute. 
Union Rotary. 1589000 j 20. Shut off, still 
16443000 164.4 20. 2 Shut off, but is 
registering 7 


4.4 off, but is s still 
running order, 


085 7 (Stopped. Worn ot 


Rate of flow,|Percentage of 
in cubic feet| flow  regis- = feet per fow 
persecond. | tered. second. 


0.0604 — 0.0857 


0. 0. 
: 4 0.0049 “win not run unless 


of each of these meters is Trident, 


between flows of 2.3 and 27.0 galls. per minute, gives an average | accu- : a 
racy of 98.2%, and is sensitive to a flow of 0.7 gall. per minute. The Oy 
a Crown does not give quite s such good results, but in justice to this meee 
and other similar rotary meters, it should be stated that this form o ; 
meter can be restored to nearly its original accuracy and sensitiveness _ 
_ by turning down the case. In the present test it was desired to see the 
result of running the meters to o destruction, without doing anything to 
soa On examination, both of these meters seemed to be in fair condition, S i. 
ee and with a few repairs would have stood a long run before failing. It ss 
would be interesting t to repair these meters and see e how much water 


to something like their o original sensitiveness and accuracy oe 


— “DISCUSSION ON TESTS OF WATER METERS. 
} 
b 

— 

= 
= 


Mr. bh. 
mit 


= 


ST ACCURACY TEST 

OF %IN. METERS. 
1895. 

“METERS ALL NEW 


‘RECORD oF TRIDENT METER SHOWN 


rs . 4“ HERSEY DISC METER SHOWN THUS 
“ UNION ROTARY « 
CROWN 


DISCUSSION ON TESTS OF WATER METERS. — 
> 
— 
ei 


13% 


| 


z 
° 
oO 
c 
a 
WwW 
° 


ACCURACY TEST 


OF Oren. “METERS 
RECORD OF TRIDENT METER SHOWN THUS fs 
HERSEY DISC METER SHOWN THUS 


UNION ROTARY “ x “ 


: 


— 
— 
| 

+h 

if 
| 
— i | 


> 


DISCUSSION ON TESTS OF WATER MEI 


2 

SS 


T. | 


7 | 
i 


268000 CU, F 


‘ 


% 


RECORD OF TRIDENT METER SHOWN T RS 


: 
PERCENTAGE oF REGISTERED 


— 

H | 1 | || 

Wh 


“ARF 
‘ 


Bu 


a 


j 


a 
z 
a 
o 
> 
z 
> 
a 
a 
w 
< 
= 


TH ACCURACY TEST 
‘METERS. 


UNIONROTARY 
CROWN 
HERSEY ROTARY 


og tl) 
me 
_ 


¥ 


FLOW IN CUBIC FEET PER SEC 


.03 


“RATE OF 


200000 


DISCUSSION ON TEST3 OF WATER ERS. 

| 
| 
| 
ia 

| 

— PERCENTAGE OF FLOW REGISTERED — 

— 


a 
2 
oO 
= 
> 
u 0.02 
< 
c 


DISCUSSION on TESTS OF WATER METERS. 


TRIDENT METER, 
wie 
ND REGISTERING 106000 CU.FT. 
267000 sua 


PERCENTAGE oF Flow REGISTERED 


{| {tit} 


a 


im 
| 
| 
a 
4 


ry) 


a4 


ye 


SSION ON TESTS OF WATER METERS. 


8 


NO. 58850 
TEST MADE WHEN METER WAS NEW 
AFTER RUNNING 91 DAYS AND REGISTERING 106000 CuBic FT. O 


23., 


j i l = 


PERCENTAGE OF 


| 

— 


IN. HERSEY DISC METER 4 
AFTER AND REGISTERING 105000 Cu.FT. 


esso00 


ECOND 


FEET PER S 


q 


_ RATE OF FLOW IN CUBIC 


| 


ae 
KY 


Gall 


a 


a DISCUSSION ON TESTS OF WATER METERS. 

— 

4; 

—— 

= 


DISCU SSION ON TESTS (OF WATER METERS, 


ar 


= 
132459. 
/ | 2ND AFTER RUNNING 34 DAYS AND REGISTERING 108000 cu. Fr. 
| 


of fel J 


GE OF FL REGISTERED, 


! 


8 


| | 
ay 
| 

ik} ., 


tae 


tia”, 


3 

| 

4 

| 

q 

= 

| 

—- 

( 

bea 


Be 

Babee 


ERSEERERE 


ER SECO 


> 


a 
w 
° 
a 
z 
a 
WwW 


mia 

XSIN.HERSEY ROTARY METER 

NO.37484,| 


q 
Fre. 


— 
— 
ON TESTS OF WATER METERS. 
2 
— | 
if 

ic 

tm 

all 


‘Mr. Smith 


M 


a 2 ND LOSS OF HEAD TEST =S 

IN.METERS, OFXIN.METERS, 
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‘Starting and stopping the flow. indicated 
= neither condition materially affects the accuracy of any of the meters. 
At the end of the first accuracy test, when the meters were new, 
the rate of flow at which the meters would just begin to register w 
determined. The results are shown in Table No. 23. ‘The figures in 


_ the third and mens columns are from the curves of the first accuracy 


Least Flow Reois- ‘ RATE AT WHICH METER | RATE AT WHICH METER 
REGISTERS 95% OF REGISTERS 90% oF 


— 


ft. per | Gallons per Cu. tt. oer Gallons pe per|c ft. per Gallons: 
minute. second. minute, 


0.00075 
0.00115 
0.00015 


An inspection of the experimental curves, Figs. 10 to 15, will dee: 


A ¢ 


of registration, and afterw ard to decrease it, while the 
effect on the rotary type is gradually to decrease the percentage. oy 
will also be observed that, with the disc meters, the vertical sweeps 
= of the registration curves are very nearly parallel to the axis of ab- “ae = 
scissas, and the horizontal sweeps to the axis of ordinates. 
The first indicates the susceptibility of the ‘meter to accurate 
and the second its sensitiveness. With the Rotary meter 
yi: the vertical sweep is at quite an angle with the abscissa axis, indicat- 
4 ing that iti is possible to adjust the the meter to register exactly right a at 


will ake be that the curves for the disc meters ar 
much more permanent, and ‘that the bulk of the evidence here pre- 
sented favors this type of { meter. Whether this holds good for meters 
ian The loss-of-head curves. (Fig. 16), show that continued wear has 
‘comparatively little effect on the loss of head, and it is practically the 
It is to be regretted that after laboring so hard, and spending so 3 


time, but one meter each, of been 


A few experiments were made to determine the effect of throttling 
— — 
— — 
— 
— ‘Union Rotary...) 0.00026 0.117 0.887 «0.00088 | 
0.00004 | 0.018 | 0.00058 | 0.261 | 0.0005 | 0.202 
— sey Disc.....) 0.00018 | 0,058 | 0.00062 | 0.00050 | 
0.00008 | 0.013 | 0.00012 | 0.00012 | 004 
srsey Rotary.. 0.00060 0.270 0.00090 | 0.405 0.00085 | 0,882 
— 
— _ that the efiect of wear on the three disc meters 1S rst tO lcrease ‘a 
q 
— 
— 
— ba 
— 
luz: 
— 
— 
— — 


small meters of standard patterns, and also show very forcibly the _ on ; 
“fallacy of judging the merits of meters by their initial accuracy and 
sensitivence They a also illustrate: how easy it is 


now 
having its good points, with the bad ones eliminated. No one can iy 
a series of tests such as are here recorded without being im 
rf, by pressed with the wonderful accuracy of these little instruments, and 
te the abuse they will stand without apparent injury. He willacquirea 
confidence i in meter measurement which for the water-— 
works superintendent is not shared by the average cons consumer. 
‘These meters have been compared on the 
s.—Accuracy; 
Second.—Sensitiveness ; 


“hing Of all these, the is the permanency wot the registra- 
; tion, both as regards accuracy and sensitiveness; in other words, the | 


Instead of giving a table. showing the comparison, ‘ea stating 


which meter i is, in his opinion, the best, the speaker leaves the making 7 


such comparison to to those who are interested. 


Ciemens Hersc1 HEL, M. Soc. C. E- of tests of water 

- fmoters, unless accompanied by diagrams showi ing the facts that have © 

been disclosed by the experiments, is of doubtful value, and it is to be z 
Ne that the author will supply diagrams to illustrate his experi-— 

ments, The graphic representation of such experiments is much bet- 

ter than any set of tables can possibly be. _ All the speakers have a 
delicately alluded to the fact that the results, as given inthe paper, | 

either obscure or and it is that the author will 


experiments described and Mr. Smith were 
made four years ago. At that time, or shortly after, the speaker wrote 
= a paper in reference thereto, which was read before the New England +3 


ee Water- WwW orks Association, on epncbe 12th, 1895, and is published i in 
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* Journal of the New England Water-Works Association, Vol. X, p. 109. = — 


Mr. Herschel. for @ public competitive test of all water meters aie aide a The 


referred to ) only by the numbers 1, 2 2, 3, 4, 5, 6 and 7, but their names — 
may be given now. They are: (1) the Trident, (2) the Thomson, (3) 


cing the Hersey Disc, (4) the Union Rotary, (5) the Crown, 6) the Hersey 


Rotary, and (7) an experimental meter. A table in that paper gives 


7 their rank for accuracy, sensitiveness, permanency, loss of head, and Ss ; 


_ price, after the first, second and third tests, as illustrated by Mr. Smith. ie 
- With this explanation, the table will, of course, have more value than 
‘it had at that time. £8 ~The f following quotation is from the » paper cited 


= “They were tested for a accuracy, and for loss of head caused by the 
ar ‘meter, at various rates of discharge. Then about 100 000 cu. ft. were 


allowed to pass each meter, and the first set of tests were repeated. 
Then some 150 000 cu. ft. additional were allowed to pass each meter, — +e 


and the first-named tests were again repeated. The quantity passed ae 
was equivalent to some ten years ofordinmary use. 
_ Incidentally, therefore, these tests comprised a test for durability. a 
Tests were also made for sensitiveness, and a tes test f for = semanas J 
_ unaffected by continued disuse i is still under way. y 


ensitiveness.... 
Permanency 
Loss of Head 


al 
oles seven 1 meters, and it was his desire to instigate, if he could, it 


% public test of all water meters then made in the United States, andin  __ 


the market. He —_ has that desire, and thinks that nothing would 
render their use more economical and ‘cheapen ‘the | cost of repairs, : 
_ which is a serious item in all water-works economy, than to have the 
_ kinds of meters on the market reduced in number. The water-meter 
business to-day and for years past has been in precisely the condition — 
- in which the turbine business was about fifteen years ago o. At that 
“4 time the number o of American makes of water er wheels and turbines was 
‘ legion, and every one was claimed to be better than any other. ‘There 


| 
names of the meters tested were not stated in the paper. They were 


ree 
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SsION on TESTS OF Ww ATER a 
were probably twenty-five or thirty makes of but by Mr. Herschel. 
means of public competitive tests more than three ‘fourths of them 
. were at once shown to be out of date, and the 1 results of the tests were 
e known. The water-meter purchasing public is to-day entitled to the 
same class of information concerning water-meters. Let any one 
imagine the confusion there would be in the gas business if thenumber — 
of makes of gas meters were as great as the present number of makes of q 
e a water-meters. It is this kind of confusion that exists to-day among water 
in the use of water meters. Not every water-works 


may 
“4 seem “ be simple, but the amount of leh involved in 1 their iced 
tion does not appear on the surface and yet they refer to tests of only ; 
‘The arguments made by speaker in the ‘paper rred ‘to, 
Fe which was addressed to a society y of water- works superint nts, was — 
that, if an association of that sort was good for anything, it should © a 
work for the common good, and, instead of relegating the testing of 
water meters to individual m members, should committee and, 


is needed at the present day, pa the speaker hopes that the opinion es 
of this Society, either as a or its individual members, 


- pa as an example, the testing establishment operated by the Penn- y 
sylvania Railroad Company Altoona, Pa., where there are some 
twenty or thirty skilled employees, and where purchases amounting — 
to from $15 000 000 to $20 000 000 per annum depend onthe tests made 
by that department. That is a case where tests are conducted by —-_ 
single railroad company, but that company operates thousands 
miles of railroad, and is itself constituted of many subordinate com- — 


Superintendents, which is new mechanisms 
the benefit of all its members, and there are other similar cases. it is 
economy of labor to operate in that manner, and if what the speaker 
has as said shall tend to bring the procuring of such tests Ww water: 


ne step nearer, he will feel amply 
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confirms the in the taken by him at the 
a can Water Works Convention, at Buffalo, in May, 1898. Table No. Le x 
shows that when the orifice of discharge is small, the accuracy of the 

: 


meter is. "materially changed. Omitting from Table No. ‘1 the best. 
and poorest meters, the error of registering, at ;';-in. opening, isfrom 
10 to 32 per cent. At Buffalo the writer took the ground that in the — 
ordinary use of water the user opens the faucet s so that the iin 5 


is ‘small; but it is the detection of ely small 5 
_ From five years’ records in Wilkinsburg, Pa., , it is found that the 


average domestic consumer uses 7500 cu. ft. of water per annum. ‘ 
i 


_ This, at the meter rates of Wilkinsburg, would amount to $11.28. As- cal F 
‘“ suming it possible that there may be an error of 10%, and that the = 
re error is in favor of the consumer, the amount actually used would be 
$300 cu. ft. This would amount to $12.40; the loss to ete 
Company being $1.1 12. casual examination of 3 500 meter tests j 
a ‘ shows that the errors of meters, at one-half and full ‘capacity, about — aa 
- balance each other, and therefore there is no real loss. On the other 4 me 
hand, it is found that meters, as a rule, will allow small leaks to pass 
4 without registering, and it is for this reason that all meters used by om 
the writer are given what is called a “time test. 
This test is based on the fact “that, with practically uniform 
a pressure, the orifice of discharge is smaller when the time to pass & 
given quantity is greater. The writer’s rule is: To accept 
no meter which passes is Cu. ft. of water in less than 90 seconds. In 
a this test the valve is opened slow ly ‘and to just the amount necessary 
to set the the pressure being about 130 Ibs. 
= square inch. ‘Under this pressure, assuming = 60 f 2gh there 
a will be required an orifice of about 0.000044 sq. ft., which corresponds. i 
to a circular opening of a little less than 3°; in. in diameter. ae 
Remembering that in this test the valve is opened just enough 
al to ‘Start the m meter registering, and that a less | opening would allow a 
water to pass, and, not registering, there may be constant leak 
of something less than cu. ft. in 90 seconds, which is not 
Assuming that 0.05 cu. ft. of water per 90 seconds does not 
start the meter, there is a ‘possible leak of 17 500 cu ft. per 
which amounts to x more than twice the amount water 
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which show the relative registered by their con- 


not more than 75% of the water actually used by metered —— 
is measured; and | he believes 8 that i in | order to pi igen the amount 


Since the writer to systematic tests of meters he has 
Tn - obtained an average time test of 134 seconds, as against 90 seconds 


five years ago, and for a meter of the same mak make. The 


seconds’ time test gives 35000 cu. ft. | per year as a possible loss _ 
_ through ameter. The 134 seconds’ time test, under the same condi- — 
tions, gives 23 500 cu. ft. , @ possible gain of 12 500 cu. ft. per year, . 
whieh i is registered and paid for, or the leak is stopped. ee 
hs The best meter now being used by the writer’s company | nies an « 
average time test of 234 seconds, or at the rate of 13 500 cu. ft. of 
, In Fune, 1898, four of the best piston meters were placed tandem 
the service furnishing water to the building in which the 
. Ww ater Company has its office. These meters were tested at the time 
they were placed on the service line, and have been again tested ; 
From Saturday afternoon, June 4th, until m i 
6th, 1898, for 38 hours 30 minutes these four. byenary 


register of the slowest meter. At the end of this time, meter No. 1 


- yead 58 cu. ft.; No. 2, 17 cu. ft.; No. 3, 19 cu. ft.; and No. 4, 42 cu. ft. 
Assuming the efficiency of meter No. is to be equal t to unity, then No. : 
2 will equal 0.293; No. 3, 0.344, ‘and No. 4, 0.724. . The total amount 
“of water passing these four meters in eight months was: No. 1, 26 065 

eu. ft.; No, 2, 17 738 cu. ft.; No. 3, 20 043 cu. ft., and No. 4, 25 407 


a cu. ft. Assuming No. 1 to be correct, their ratios of efficiency will an - 


be: No. 2, 0.671; No. 3, 0.768, and No. 4, 0.985. oe totes 
Comparing the above figures with the tests given in Table No. 24, Es 
it will be seen that when the meters were yaad on the service line the 
error in one-half and full s stream was within 1 as of 1%, which is the © 
of meter No. | 3. ar 
It will also be noted that, with the exception of meter No. 2, all 
a these meters, under the test made to-day, register from 1 to 5% 


The meter tested under the longest time test shows the largest 
amount of water passing during the eight months, ‘The difference a8 
shown i is due to meters Nos. -1 and did not suc- 


From observations made by the writer’s company he is satisfied that 
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arlow. aq The writer will be e pleased if someone eee takes up this q a 


2 No. 8. = No. 


3. Secs, Secs. 
-i 
. K. |0.2% slow. 1.8% slow. 
18% “ | 0.K. | 0. K. [0.7% “10K 


Assoc. M. Am. “Soe. C. E —A 
ae the subject has led the writer to the same conclusion as that 1a 4 
reached by the author regarding the relative merits | of the rotary and a am 
disc types of water meters. The disc meter, for a given size, costs AY 
less, and while, when new r, there is lit little difference in accuracy and Rk oe 
sensitiveness between the two types, after having registered 160 000 — 
eu. ft., or more, the advantage as a rule is decidedly with the disc ae 


_ Another point in favor of the dise meters is that sand or other hoa 
ag ~ matter is less likely to st op them than it is to stop the r rotary meters. 


+e ‘This is especially true in the smaller sizes, and where the water pene te 
ure is not high. This is an important matter, for rotary meters of the 4 
Crown and types will usually, when stopped, pass from 60 
to 75% of the full flow when running, and hence the stoppage does fee 
attention, n, and frequently the loss in registration a amounts 


more than the cost of the meter. 
Illustrating 


tions for 4-in. and #-in. meters required that the average of the tests” ‘Se 
on the Tanger down to and the tests on the }-in. 


recently | 1 000 dise meters. The specifica-_ 


limits of + 1% and — 2% (618 Ibs. and 637} Ibs.). The yy-in. and 4 


yin. tests should be within the limits of + 1% and — 5% (614% Ibs. 
P< 653 lbs.) on a registration of 1 cu. ft. The tests for 1-in. meters a 
were the same, except that no test on a ;y-in. stream was required. Of es 
; the first 250 meters delivered, about sixty failed to register within the 
though previously tested satisfactorily at the factory. ine 
vestigation it was found that water at a of about 50° 


istration of 10 cu. “ft, ; and that no single test should ‘exceed the | 
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ben any in testing for the Water Department, had a Re of about Mr. ew 
70 degrees. So closely does the disc fit the disc chamber, that this a 
slight difference in temperature affected the registration. A little 
scraping of the discs brought all the rejected meters within the re-— 2 
the balance of the 750, not one failed to test 


The eather considers the essentials of a good water meter to be, as as 


any flow, and as ‘accurate w ithin proper limi limits as good s walateinhiel onto y 

me struction and reasonable cost will allow. A meter made so sensitive 
, that it will register on the extremely small rates of discharge will — 


probably be too delicate to stand the severe strain of measuring at 

high rates of discharge. Just what degree of sensitiveness should be- - A 

required on small rates of discharge n must | be determined by the 
me ditions under which the meter works, the pressure, amount of silt and ] we eae) er 
4 sand in the water, etc. For the §-in. and }-in. sizes a rate of 1 cu. ft. : 


i per hour should be the limit required for new meters under ordinary _ a 7 


conditions, though they will frequently dc do even better. 
“te! To the essentials for a good water meter which are » mentioned by an 3, 


— @ ) Accessibility of working parts, and ease and speed with which | 


A minimum of cost of of damage by 


on c) A minimum of liability to stoppage from sand or other foreign 


ee These selnte directly to the cost of maintenance, and, in the course 
the life of a ‘meter, ure important items. 
a In asking for proposals for furnishing meters in August, 1897, the ae 
writer Specified that each | bidder should submit with his proposal the _ 
“A definite be giv en each bidder for each size 
of meter, specifying the maximum cost of repairing meters which ~ 
ys been damaged by freezing. Said guarantee to cover the cost — 
of new parts to replace those damaged by frost, and also the time of — 
4 “man in making the repairs; and this guarantee shall remain in force 
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ty of placing accuracy ad 8 84800 
pter may be very accurate on 
high rates of discharge and fail absolutely to register a small rate; or 
— 
it may be sensitive to both large andsmallratesandaccurateon but part = 
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CORRESPONDENCE ON TESTS OF WATER METERS. 


“A similar guarantee must be given specifying the maximum cost — ae 
of repairing meters of the various sizes in case of damage by hot ae 


“A similar guarantee must be given specifying for each size of 


_ meter the cost of such principal parts as may be required for renew- aa 
_ ing worn parts or for repairing meters accidentally damaged. 7 


In the above time of man in waking repairs” was 
=: "meters, and the consequent lose « of time in making rep: repairs as s compared — = 
with others. The representative of each meter company bidding was 
* ready, in conversation, w ith sundry proofs and reasons why his partic- a 
ular meter was the most economical to maintain; but when called upon is <i 
to state this i in actual figures with a bond behind them, only one offour | 
oes ese guarat 
‘complied. ‘The adv isability of exacting these guarantees, particularly 
that relating to damage by freezing, has been fully demonstrated dur- 
ing the cold weather of the present winter, 


‘ie A year ago the writer made tests of some meters that had been _ 


°=s in service for rs twenty months, and had passed large quantities | of & ee 
water. Table No. 25 shows both the ‘original test and the second test, 
and the two. percentages of given are the 


100 meter 


tank measurement 
writer prefers this to the | author's met) method, as the ratio is based 


n exact measurement, and not upon the constantly varying registra- ue 
= of the meter. Hence it gives at once just the percentage of water | s 
actually passed by the meter and registered, and avoids the necessity of qe ; 
using the + and — signs. These tests were made under a pressure of va 
38 to 43 Ibs., the water being brought to the testing table in a 4-in. pipe 
- from a point on the force main close to the stand pipe. _ The pressure | 
was therefore very uniform. Its temperature, though not taken, was 


After testing, the meters were taken and examined 
These and other tests and examinations lead the writer to 


‘that while most of the standard makes of disc meters are reliable for 1 f 


ordinary service when new, there is a decided difference in their durabil- 
ity, and hence some of them are much less sensitive than others after — 
a The principal reason for this is 3 the friction betw ween the dies and the ‘ 
vertical diaphragm which divides the disc chamber. In several styles 


dise meters the of the disc to rotate about a line 


— 
— 

= 

: 
— 

a = 
— 
— 
— 
— 
— 
lt: 
— 

— 

— 
— 
— 


— . CORRESPONDENCE ON TESTS OF WATER METERS. 
ter of its spindle, js 0 overcome by direct contact betw een Mr. aici 
the edge of the disc and the diaphragm. This constant rubbing, 
aided by what little grit there may be in the water, i in course of 
cra: few million oscillations of the dise causes — wear, both on the 
diaphragm, and on the edge of the dise in in contact with it, and a 
consequent increase in friction | to such ‘an extent that the meter 
doses, to a greater or less degree, its sensitiveness to small flows. yi 
This is frequently so serious matter that nothing smaller than a 
}-in. stream will be registered. This “means that in case of a cont 
leak, from 500 to “over 4 000 galls. per 24 hours w wou ild pass without 
registering. One or two manufacturers have overcome this ‘diffi. 
culty by introducing a roller which is attached to the edge of the — 
; & disc and which works either in a slot cut into the inner surface of a 
> _ the dise chamber, or directly against the diaphragm itself. 7 This pre-— wa 
Y ~ vents the sliding contact between disc and diaphragm and the conse 
mis ~ Incidentally, the writer w nei call attention to the fact that the lack 
= of sensitiveness, after having been in service for atime, is more marked — 
in rotary than in disc meters, and doubtless accounts to a large extent 7 
for the considerable difference between total pumpage and total meter 
registration, which has been noticed in cities where such records have _ 
been kept, and has been mentioned in papers and 
The intermediate gear train which transfers and reduces 
motion from the dise spindle to dial ¢ clockwork is one of the 
¥ delicate parts of a meter, and wear here soon affects the sensitiv eness 
te of the meter. The use of a differential gear for this purpose has 
Proven very Some of the forms of single- train 
gears are “little better, though there are some excellent ones in the 
market. of the gear trains made, both as a mini 


re 


bad form sometimes used, is to fasten a gearto 
8 shaft with a set-screw. OW ith the continual j jar due to the operation — ; 


shaft and hence the meter fails to register. 
The writer doubts the practicability of a 8 
to indicate the proper correction for ‘registration as time passes, which > 
is based upon the quantity registered only. Time rtant 
d upon quantity registered only. ‘Time is an importan 
element in the wear of a meter. A given quantity of water oon ll 
a at a high rate of discharge will cause much more wear than the oy 
quantity measured at a low rate. An actual test is yookally ¢ the 


. 


— 

— 

— 

| 

| 
q 
— 

— 


EBRUARY, 


"TABLE No. 25—(Continued). Disc Mere 

Good condition. 


Somes 


Re 


= 


: 


685 
«62 
Not tested. 


4 


ran 3} tenths of cu. ft. and stopped. 

Would not register again on 
stream. ‘a 
isc chamber worn bright on one side, 

-6 iaphragm consider worn, 

.7 | Clips for holding guide frame for 
‘spindle were worn off. Frame loose. — 

* 

Diaphragm slightly worn, also disc 

chamber. Clips for holding guic 


frame for spindle in place were worn oa 


Would not\register. | 99.4 


N 


NDEN 
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>: 
ni 


SPO 
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CORR 


— Mr. Hawley 


|, 


Meter. | Scales. 
Pounds. | Percent- 


— 
624 
31} | 
‘Meter regist’d. 
«6654 
| 
694 


test. Per 
Change in 


centage 


registra- 
tion. Per- 


Second 


0.0 |Meter in good condition, except dia- 
— 0.8} phragm and disc, which were both 
2. somewhat worn. Differential gear — 
(intermediate) not examined. 


Differential gear badly Dia- 
and disc considerably worn. 
isc chamber slightly worn. 
Differential r somewhat worn,also 


BS 


a 
mM 
mM 


one 


N 


t register. 


not 


BR 


Differential gear some 
diaphragm. 


PEL 


228 - 


Dise chamber worn bright. 
Diaphragm somewhat worn. _ 
No record made of condition of dif- — 
ntial gear, 
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not register. 


& 
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me 


nued).—NasH Merrers Testep In Fepruary, 1898. 


‘Ela law 1 


Spindle worn, Diaphrag 


chamber slightly worn, otherwise in 

goodcondition, 
Spindle badly worn, Diaphragm worn, 

otherwise in good condi jon, 


— 
Would not 
Would not register. 


Spindle badly worn. Diaphragm 
slightly worn, otherwise in good i 


Spindle nearly worn off and driving 


arm badly worn. 
worn, otherwise in 
goodcondition, 
Dise chamber somewhat worn. 8 
slightly worn. Diaphragm consider 
ably worn. 


a 


wae 


625 | 625 


et | 


| 


Soar 


Meter found stuck and disc warped 
out of shape, probably by hot water. 7 
Put in new disc and tested, with re- . 
sults shown. Spindle of old disc 
badly worn, also diaphragm. Spindle 
considerably worn. Diaphragm 
slightly worn. Otherwise meter in — 
good condition. 


885.888 


Would not register. 


dition, 


: 
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TABLE No. 25—(Continued).—Niacara Meters Testep Fepsrvuary, 1898. 


Size 
Lo 


cam. |__| service. 
| Meter. r. Scales. ginal 
Pounds|Pounds| feet. | Pounds. Per- 


test. Per 
centage. 

Change in 
registra- 
tion. Per. 


_ Second 


Pr 
a, 


—" 


tered. 
48 


notireg 


gistered. | 


ts 
One 


288-8528 


o8S88 8885. 


| 


ou 


veer 


iderabl 


y worn. 


Intermediate gear somewhat worn. 
Spindle worn. 
slightly worn, 


Diaphragm very 


Diaphragm very slightly worn. 
w se meter in good condition. ate 


Diaphragm badly worn, also edges of ‘ 


. Otherwi 


Spindle somewhat wo 


good condition. 


in good condition. 


rn, 


slightly worn, otherw 


_ chamber perfec 


interior surface 
lished bright. 


Me 


OUNCE 
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61 


iving shaft from in- 
te gear, and end of shaft — 
ntly worn. Change gear re- 
d meter tested, with results” 


eter had been working moat of 


mersed in muddy water most of 
ne since first set. First test on }- 
stream gave 750 lbs. for 10 cu. ft. 
gistration. Examination showed 
_ that grit had entered stuffing box of 
driving shaft from 


gear, causing it to turn very hard, 
and the intermediate gear was worn 
out. Replaced with new one and 
tested, asshown, 
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TABLE No. 25—(Continued). Murans IN FEBRUARY, 1898. 


Meter. Seales. service. 

* |Pounds Months. 


= in 


R 


was not as 

been. Examination showed an eel- 
skin in disc chamber around disc, 
but no damage done. Skin was re- _ 
moved, meter reassembled and 


tested, with results as 


Meter in good condition. No wear ap- 


Pounds. 


centage. 
registra- 


| Second 

| test. Per- 
tion. Per- 
centage. 
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a 
: 
{. Am. ‘Soc. C. E. —This is a valuable addi- 


~ 2 to the ast ofa subject which is of great importance in a all 


_ large communities, and which has caused much worry to those who ig . 


charge of public water supplies. Many interesting experiments 
are set forth by the author, and the conclusions which he has de- 
duced therefrom are presented so clearly and forcibly that little : 
: remains to be added i in the discussion. a Some of the topics, how ever, a 
= room for amplification, and in the following an attempt is made © 
to bring to ‘special notice the of the limit of 


large 1 number of small meters w have in use for 


a“ Taking conditions as they actually exist for the usual small “ann 2 a 


dwellings, boarding houses, -ete., where > water i is used for 
manufacturing pu purposes, it can be said that not more than 300 galls. 
_ iper day are consumed by an average family of five persons, and that 
4 such use almost invariably occurs at the greatest practicable rate of 
delivery, or with the faucet wide open. With small service pipes and 


~ moderate pressures in the street mains, a maximum discharge < of 200 ‘nd 


“4 galls. per hour through the meter may be assumed, so that for a con- 
= _ sumption of 300 galls. per day in an ordinary dwelling, having all its 
pipes and fixtures in perfect order, the meter is in operation only about 
& hours, andi is consequently idle about 223 hours each day. =H, how- 
a er, the pipes or fixtures in such a dwelling x are defective, the leak- 
age during the latter period of time will necessarily pass through the 4 
_ ‘meter, and unless the same is very sensitive, much of this ) ee 
° ae The writer will now consider the magnitude of such leakage under 
= ordinary conditions of pressure ire and public conscience. Usually th 
a  hot- water faucets are the first to commence dribbling, and next 
order come the ball-cocks of water-closet tanks. By actual measure- 
of many ‘such dribblings, which w were regarded as insignificant 


galls. per hour, or 72 to 144 galls. per from a a ‘single faucet 
: a or ball-cock; and in many other cases where a dwelling was supplied 
from an attic tank of from 100 to 150 galls. capacity, and with the — 
pipes: and fixtures ‘spparently in in fair order, it was fc found nd that when 
pressure was was reduced soon after ‘midnight to such extent as 


prevent water from entering the tank through the open ball-cock, : 4 


; = would be little water available for use 6 or 8 hours afterward, : 


From n these « experiences, , the weiter has reached the 
that the hy from defective pipes fixtures in an 
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as the legitimate consumption before it attracts the notice of the 

oe householder. It therefore follows that if the advantage of a meter oe 

system is is to be even approximately realized, the meters must be 

‘sensitive e enough to record a reasonable percentage of a leakage which ra 


- amounts to much in the course of 24 hours, but occurs at so smalla __ ac 
= "rate of flow as to appear insignificant in comparison with the discharge a7 


a The question now arises as to the requisite degree of s sensitiv eness 
or or registration of the meter under these low discharges. view of 


_ the fact that the magnitude of the leakage may easily reach 25 % of 
f the entire daily delivery of the water-works system, it would appear 
at fir first glance that the meter should exhibit, when passing water at 
the rate of about 72 galls. in 24 hours, } or 3 galls. per hour, a really 
- tion of at least 50% of this quantity, so as to divide the loss “ely 
between the consumer and the corporation furnishing the water; also, 
that 1 the percentage of registration should rise rapidly as the rate of 
.. — flow i w increases, 80 as to be practically correct when the water is drawn 
from one or more fully open faucets. this plan, the water-works 
_ will be paid on the average for seven-eighths of the total delivery to rd 
~ each consumer, and its business can accordingly be conducted with a : 
_ reasonable allowance for loss by under-registration, and without un- 
duly increasing the price of the water. A long study of the 
- from this standpoint has convinced the writer that the principle just 
mentioned is sound, and it only remains to be seen whether the indi- 
_ cated degree of sensitiveness can readily be secured by meter makers. 
An examination of the various tests submitted and cited by t 
; author, as well as of those previously made by the writer, demo 


«trates that nearly all the meters mentioned in the paper are capable = 
of meeting the above-named requirement, and hence also that the 
mechanical difficulties in the case have been successfully 
overcome. This being the fact, there is accordingly | no valid reason ~ 
a for manufacturers to complain of unreasonable demands for accuracy 
yy the users of meters, and it only remains for them to devise means 
_ of making their products uniform in quality as well as low in price. — 
It should also be stated in this connection that the aforesaid efficiency 
or “‘sensitiveness ” of 50% registration for so low a disc as 
galls. per hour was determined about 9 years ago from numerous 
experiments with several ‘‘Crown” and ‘‘Thomson” meters of the 
_ small sizes for domestic use, and that the curves obtained by plotting 
| the percentages of accuracy as s ordinates: to the corresponding dis-_ 
“charges i in gallons per hour as abscissas were closely alike. 
= 4, more, these tests showed that in both styles of meter the efficiency | 
_ Tose to considerably more than 90% for a flow of 8 galls. per hour; 


and as this rate required muc saan leas time for making a test than 


> 4 
— 
—. 

— 

— 

— 

— 


TESTS OF WATER METERS. 


ciency of 90 per cent. At of over 50 galls. per all the 
small meters should register correctly within 1 or2 percent. 
: me With respect to durability and maintained accuracy of registra 
tion, the results of some recent examinations of small meters by the | 
writer may be of interest. Before being set, all these meters were 
~ tested and found to register within the aforesaid limits, and they have 
‘place undisturbed for the of time indicated 


-rarily re removed for thes purpose of ascertaining ‘their condition. 
‘The tests for accuracy of registration were all made immediately after 
removal, and before taking the meters apart for inspecting their inte- 
at ‘ior condition. . If found worn or defective in any respect, the neces- 
8 ary repairs we were made, whereupon the meters were re-tested ‘and 
replaced. x _ Unfortunately, no record of the details of the defects and 
repairs was kept, and hence the results of the examinations are only i 
a It is also to be regretted that this inepection has 
hitherto embraced only a few styles of meter, the ‘‘ Crown” greatly 
predominating. Furthermore, the water which ‘passed through | 


except such as might come from a considerable 
= _ bance of the distributing system, such as the repair of broken mains 
> and the addition of of new lines of pipe, whereby more or less ss roiliness 
7 of 1 the water is generally produced for short times; also, except the 

particles of rust or other acctetions which form in all cast or wrought- 

iron pipes and become detached when the flow occurs at an — 
high velocity. Table No. 26, moreover, relates to only a few repre-— 
 eeatative ene cases of small meters taken at random out of a list of several — 

had 
TABLE No. 


Number of 
years in 
uninter- | Rateof | Ratio of Rate of | Ratioof— 
_\discharge,| actual to | discharge, | actual to 
in gallons | registered in gallons registered 
per hour. | discharge. per hour. | discharge. 


*41 to 300 to 
*25 150 


_ Nore.—* Denotes that no registration occurred for lower rates of discharge than 
ose mentioned in the fifth column. In these cases there wasalw: we s some slight defect — 
f piston or gearing which caused undue friction. al : ee 
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— ay 
| 
— | 
— 
— 
— 
— 
— | 
= Stylle. of ex- | Size. 
Crown.....) 4 | | 12to 1.29) 900t010201.06 to1.18 
— 15 | 1.14) 830 9901.00 1.000 
10" 16 | 10 15 [0:99 1207; 880 * 9801.00 “1.06 
— ‘Hersey... 3 | | 33 (0:99 “19000.97 “ 102 
— | 11 15 | * 1.161.080 12000.98 “1,000 
4 
— 
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aaa inspection i Table No. 26 shows clearly that the meters men- Mr. Kuichling. 
tioned afford little room for adverse criticism, so far as durability and ‘on “ 
wt Bee continued accuracy of registration are concerned provided that the water — 
a a passing through them is practically free from grit, and that proper > 
care is taken in their manufacture. — This latter er remark is pr ompted by | 
the fact that in the aforesaid examination a meter was occasionally 
& be found which did not exhibit first-class workmanship or materials, and _ 
 gonsequently gave a considerably larger ratio of actual to registered — =a 
ts lischarge, at both low and high flows, than appears in the table. — The 9 
= A remedy for this condition necessarily lies with with the ‘makers, and can, 
doubtless, be attained by a more rigid system m of shop inspection. 
- With — to the design, accuracy and auanhitty of the smaller 


or there seems be little ‘as to cost, original 
~ vorkmanship and facility or economy of making repairs; and in thee 


a% agrees thoroughly with t the author in the belief that most of the water 
r meters now in the market are reliable and durable, and that their use 
should become an essential feature of all systems of public water — 


oa GEORGE W. Rarter, M. Am. Soc. C. E.—The author’s | proposition, Mr. Rafter. 
_ that all water services should be metered, while strongly held to by 


a many water-works managers, has alw st seemed to the writer to be 


re To begin. with, the writer agrees that there are alw ays someservices 
in regard to which there can be no question as to the propriety of ap- i. - 
plying meters. The difficulty appears to be to decide just when to P : 
stop. The author says meter everything. To this the writer objects, 
7 «a the ground that such procedure entails, under the unbusiness-like td 4, : 
methods which generally prevail in American cities and towns, a bill . 
of expense, the end of which no one can foresee. The tendency i 
— all 1 municipal b business is to employ me mediocrity at an ever-in- 
creasing | scale of w ages. s. T he selection of the e author, as Water-Works 
Trustee at Wyoming, is merely the exception that proves the rule, and 
; cannot be taken to indicate any general tendency to substitute business a 
methods in place of political favoritism in municipalities. this 
_ point, however, the writer does not want to be too insistent, because . 


of view the | “opposite ground w will be briefly traversed in this dis- 


he recognizes that there is now a a struggle, i in American municipelities, io 
—— the spirit of expediency, on the one hand, and the scientific 


| 


— 
— 
— 
— 
4 — 
4 
4 7 
oe practically solved, and that there now remains only the matter of im- [ya 3 a 
— 
— 
— 
— 
— 


Mr. Peace factor, if for no other reason hein that he is the one man in a 

ee the community with some technical knowledge of municipal business. 3 
Tie Indeed, if engineers and other technical people do their part, the 

- Pe struggle between expediency and science may in the end win outin favor _ 

of science; and when that day arrives the writer will be more disposed 

accept the author’s dictum on universal metering. 
It séems clear to the writer that, before extensively adopting meters, 


the cost of ‘maintenance should be carefully considered. _ Complete 
—_ cov vering all the items of cost for a series of years, are, how. 


peti has been learned to indicate the proaches trend. The meter 

_ department in Rochester was established under the ‘direction of the i 

‘toa chief e engineer, J. Nelson Tubbs, M. Am. Soc. ©. E., w ho was 
satisfied that the cost per meter ought not to exceed about $1.50 per 

_ year, after the number i in use became large enough to give good aver- 

ages. _ The system of accounts, as designed by Mr. Tubbs, is very Pe: 
complete, and reference may therefore be | made to the Rochester | sta- 

_ tistics as embodying, probably, as complete information as can be 

_ obtained anywhere. That the figures have not justified Mr. Tubb’s — 
original view may ‘be ascribed largely to the deterrent effect eS 

‘By way of showing ing the Rochester meter statistics, Table No. 27 has 

4 been complied from the Annual Report of the Executive Board of that 


Column (5) gives t the amount received from meters 6 sold | to ¢ co 


Lis 


some services at public expense; whereas others are metered only 
4 the expense of the consumer, an attempt being made to distinguish bee Ta 
_ tween those requiring metering, as be matter of public policy, and those 9 


where meters presumably decrease the annual water rate tothecon- 
is sumer, so somewhat. In Table No. 27, the cost of these latter i is s included _ ; 


; =% that, as a matter of final expense to the whole communite, it does art 
matter whether the meters are paid for by the municipality or byin- 
div idual who are water takers. seems clear: to the 


department in any city where the system in vogue at Rochester is. 
pursued. ‘It is fair, however, this item in such statistics 
a a“ As regards the number of services in use at the end of aosk “fiscal 
year, as per Column (8), it may be remarked that the statistics given 
in the annual reports since 1890 appear somewhat uncertain, although | 


itis probable that the the figures of Column seein are 80 ) nearly 
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should be included as an element of the final cost of the meter 
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il 
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Mr. Rafter. permit their use without material error. In the same way, the popu- 
figures, as per Column are approximate, for the 


= “The asamp remarks in esas to the uncertainty as to the num- 


‘The statistics ot the number of meters: 
various causes are first giv ven for the fiscal y« year r ending ie 6th, 1891. a 


total of 1420 meters was | pemmenaatiiy removed for various causes, 7 

brought out by Column (13), in which these figures appear, 
Table No. 2 (27 is so clearly self-explanatory as to render further 
~ cussion unnecessary. . It seems to the writer to justify clearly the 

— taken at the yg of his discussion, that the peepee: ; 


howev er, that the. figures | of ‘Column (17) do not take ‘into account any 
allowance for interest on money invested, sinking fund, or for meters 
; ' permanently removed and going to the scrap heap; nor do they include 4 
- additional service in the business office on account of the greater com- 
plication of meter accounts. Making an addition for these several 
items, t the. average cost per meter, for the period c covered by Table No. os 
ve 4 27, becomes about $4.40, instead of $3.28, as given at the foot of Be 


Le Contr, M. Am. Soc. C. E.—The w is a firm belies 


1 


er : "water meters being the best and only equitable controllers of water A 
< Becca It is true that some meters will not register small leaks in an 


introduction of meters, is not 15 to 20% of the total water supply, but a 
_ is far more likely to be 65 to 70 per cent. Hence, in a broad sense, it is 2 : 
useless to discuss percentages. Many writers are continually 


: of i is s that the pere a waste which it is desired to s1 suppress, by the — 


plumbing alone, main source of water waste. This 
may be true in isolated cases on a small scale, but, generally speak- 
sing, it is far from true, because instances are now too numerous — 
where meters have been suddenly introduced, and, as a result, that in- 
dr - fallible test, the coal- bill at the pumping-works has been likewise 

Such close se relation een 
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= main trouble is willful waste. A careful study of the extrava- 

4 gant consumption = water in any modern city, supply ing 


CORRESPONDENCE ON TESTS OF WATER METERS. 


thout the use of meters, will lead to a 


division of the subject into three categories: 


First.—Legitimate consumption equals” 40% 
Second. —Willful waste equals 40% of the total 
Be oe Third. —Defective plumbing and leaky valves and joints in the < dis- 
tribution system equal, say, of the total supply. 
Now, the first two can and will be controlled most effectually by 
. meters, while the third will certainly be very materially reduced by 
: the fact that the general adoption of the meter system will itself invar- 

_ iably enforce the introduction of a much, higher class of plumbing 
work throughout the city. - This, of course, means a less number of 
small leaks such as the meters are unable to register. 

The accuracy of the meters tested by the author is certainly quite 7 
a remarkable, a and the writer thinks: they are really n more accurate than the ; 
- exigencies of the case require. : If the meters have an error of 7 to 8%, 
that certainly cuts no figure in the water-waste problem, and since - 
eae this error is in all cases, , practically, in favor of the ommenaneen, they 7 

. As to the durability of meters, one can only speak in a broad, gen- 
eal way, since local circumstances have great weight in all cases. 
‘The average life of a meter, which it is reasonable to expect, a 

depends chiefly upon the character of the water. In localities where | 

the supply is taken and delivered ‘directly from rivers, the waters 

of which are heavily charged with siliceous sediment, | the wear — m 
and tear on the meters is, of course, enormous, and the apparatus © 

is practically used up in from 2 to 5 years; the repairs being corre- 

iene heavy. In all such places it does not pay to furnish 
meters except to control the supply tc to the largest consumers. The 
smaller « ones can best be held in check by inspection from time to - 
_ time. Where the water supply is naturally clean, or is made mee 
oe by sedimentation; or, better still, by filtration, then the water pass. _ 
Ante ing through the meters is practically free from silty materials, and se 
under favorable circumstances, the life’ of the meter may and does 
cole become v very much prolonged, possibly 15 to 16 years or more. L i 
such cases the item of annual repairs will be comparatively light, not 
-§ to exceed, say, 2 to 3% of the first cost. It may be fairly stated that 
@ the grand average useful life of a meter is. “approximately 10 to 12, 
Years of of very fair ‘service, assuming that it is given ordinary attention 


f _ A good new meter will register within 1.5 or 2% easily, and the 


nual increment of this error ™ generally be something less than 1% Re 


The w writer ¢ agrees with the alicia in the statement that the only fair 
wa honest way to ool water is by meter measurement. 
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Hill, W. Hix, M. Am. Soc. C. 
isms on the paper; some of these ‘undoubtedly are just, , and, within 
the time at the author’s disposal, the errors and omissions will be cor- 
When the tests were started they had only one object in view, viz., 
a comparison, upon a uniform footing, of the less expensive with the 3 


‘more expensive water me meters, under all the conditions of daily service — 


+ 
liable to occur in the use of meters on domestic service pipes, and, to a = 


avoid the chance of error in the work, every precaution was taken, 
wi thin the limits of the crude apparatus w with which the was 

Referring to the Ww which was taken for 

| es The discharge of the meters being noted in pounds, this weight 

was divided by the weight of water per cubic foot at observed tempera-— 
ture, to reduce the discharge to the same kind of unit 2 measurement as . 

the registry of the m meters, i. e501 cubic. feet, and it was just a as convenient _ 

to divide the weight of the contents of the cask by the — due to 


The. apparatus w was so scachenaea that no 0 weaker could reach the cask un- 
less it came through the meter under test. 
" in oe The author cannot quite agree with Mr. Smith that the errors of _ 
<4 measurement found with the smaller orifices should be excluded in 
stating ‘the e average ¢ error of water meters. If the meter would never 
‘id 10 to 42 aslie. per hour, then the arene based upon these and larger 
streams together, would be manifestly tes but it is a fact generally — = 


‘eet 


pipes and fittings in domestic plumbing, and it is gratifying to know a 
that the modern meter is abundantly capable of doing this, with a de- 
“seo of accuracy which, in some instances (shown by Table No. 1), i 


reliable water meter should give a account of the 


4, 


=, 
| 
— 
>. 
— 
i author does not regard this as a refinement, 
— data in a series of tests of thismature, 
— scale was in excellent order, and during the experiments 
often tested for ‘‘sensitiveness”’ by the addition and of 
ey small weights, and for accuracy, by test weights of known value. 
— “we = q cask was bottle tight, and to prove the absence of leakage was filled, si i 
— 
— 
a 
— 
Be 
on 
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= 


opening g and it, and, for the small stream of 
im ar alls. per hour, gave quite as good results as the unused meters. The © 
= ‘simplicity of construction, strength, and general adaptation to practi- — 

eal uses of this meter appealed so strongly to the author as to justify — : 


rs him rec ecommending it as one of the few meters to be adopted for use 


by the Trustees of the Wy oming Water- -Works. 

_ With reference to the test of strength of the working parts of meters . 

“a by suddenly applying water pressures of 100 Ibs., more or less, it must ma 
- not be overlooked that this was an unbalanced pressure, the pressure on ee 
side of the meter at such times being the: atmosphere. WwW ith 

= a meter connected in the line of service pipe such a test ra Mr. - 

ae. Thomson very properly suggests could have no significance, because : 

the pressure upon both sides of the meter would be approximately 5s, 


but the sudden application of this pressure to 


with no resistance above the atmosphere u upon the outlet side, sub 
jects it to a shock which will seldom occur in practice, and if the | 
ss meter is not well built, such treatment, often repeated, is very liable lisble = 
Mr. Thomson has misunderstood author with to 
character of the water passed through | these tested meters. The _ 
. Wyoming water is of high purity, and carries no sand or grit, and 
excepting the salts of iron, it contains no material calculated to have ae 
any deleterious i influence on the long-continued operation of a water — Fi, 
meter. The 3-in. hot- -water Worthington meters, howevy ver, were tested 
with Ohio River water, which, among other inferior qualities that it _ 
carries a large amount of gritty suspended matter. Mr. 
_ Thomson also regards the obstruction of meter or loss of head ne 4 
ally as 0 of no great importance, while Mr. Smith thinks the importance © 
of the loss of head cannot be overestimated. _ This wide disagreement fe 
of two eminent experts on water meters is very painful to the author, © 
and he would suggest that if these gentlemen will get together and — 
reach a compromise view, he will gladly accept their joint decision. 
Meanwhile, the author is of the opinion that, without injury to the 
meter itself, efforts should be made to secure a construction which 


will absorb the least portion of the static head in overcoming meter . 


eo was thought by the author that the figures in the column headed — =. 

_ “Ratio of Tank to Meter ” in Table No. 1, would readily convey to 
the reader’s mind a correct conception of the relation of the meter a 7 


registry the actual of water Ww ithout the aid of 
8, 


_‘The four Trident meters tested were not provided with extension Mr. Hill, 
dials, and only one of these (No. 23 176) had been in service prior to 
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CORRESPONDENCE ON TESTS OF WATER METERS. 
Mr. Hill, ties in in the seventh column of t the ta table, and the discharges of the a 
“meters in gallons per minute, as co- -ordinates, Fig. 17 containing the 
- - data obtained from the tests for sensitiveness of the piston and 
- inferential meters, and Fig. 1 18 the same data ne from the disc | 
+ The author's s reason for comparing the actual discharge of a meter 
for any given standard orifice, with the. obtained the 


the data of Table No. 6 obtained; and finally the apparatus was further 
altered to take pressures on both sides of the meter, and the data of — — ra! 


| 


duties, the notes wore limited to the pressures on the inlet and ‘outlet 


pipes, and no note was taken of the reading of the meter or the actual © ae 


Table N 0. 5 were noted, but at this ‘time, owing to. press of other ge 


= 

The author, however, had no reason to believe that any change 

in any meter which would | cause its discharge for a given me 
pressure on the inlet side and given standard orifice, to » vary from the — tf 


discharge for the same pressure and orifice when the notes for Table - 
No. 1 were being taken, and, for example, assumed that with 29 Ibs. oe 2 

_ pressure on the inlet side of the Worthingtor meter, the discharge 7a 
as the same as when this pressure occurred during the tests. ‘for ac- 
mas: The curves were based ‘upon the actual discharge at the pressures — 
noted in Table No. 6, and are theoretical only so far as the well-known _ 
laws of hydraulics are held to apply to the discharges of the plain 

7 pipe by pressures at the inlet ‘side, above and below | the pressures | 

ss Upon reflection, | however, the author thinks Mr. Thomson may be 
or correct in assuming that the discharge of the meters should be com- an 
’ pared v with the e discharge of the the plain pipe, and not with an assumed dis- 
charg ge of the p pipe under the pri pressure w hich ws as had on the inlet side of 
_ the meters during the tests, for such pressure could not obtain with the | 
plain pipe, because more of the static head is expended in producing ‘ = 
JY elocity, and less in overcoming frictional and other resistances. a 


a the oniiios of the author's tests, and could be had only b by ae 
a large increase of the static pressure on the service pipe, which in a : ae 
1 = 
works is not conveniently to be had. With this 
- planation, the author submits Table No. 28, showing the relation of 
- the actual discharge of the meters to the possible dise harge of the 

 unmetered ice pipe. This table ignores the differences of pressure 
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Mr. Hill. on the inlet side of the meter and on the inlet side of the ewes pipe, 


. pee data for Table No. 28 a re deriv ed from Tables Nos. 6 . 6 and : es. 


‘TABLE No. 28.. — DiIscHARGE OF SERVICE PIPE BY 


a “wu per hour, per hour, reduced of 
| plain pipe. rec mead capacit 


= 


Empire 


Wor thington 
Crown. 
Hersey 
Empire 


Empire 
Union. 


Trident, No, 23 178, 
Trident, No. 23 179....... 
Trident, No. 23 180. 
Trident, No. 23 176 
Pittsburg, No. 8011.... 
Pittsburg, No. 10798 .... 


No. 23 176 
Pittsburg, No. 8 011, 
Pittsburg. No. 10 798.. 
Standard ... 
Lambert 


Trident, No. 23 178 
Trident, No, 23 179.. 
Trident, No. 23 180.. 
Trident, No. 23 176.. 
‘Pittsburg, No. 8011, 
Pittsburg, No. 10 798 . 


The anomaly is presented i in this table ¢ of some of the ‘meters | passe a 
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a a upon referring to Tables Nos. 6 and 7, is due to a greater static head am 
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 eteaaen only to show what these data were under the conditions of 
the tests described by the author. To remedy one objection to Table 
a No. 5, the author has computed the the discharge of the meter in ‘gallons — . 
ahd per minute, which, with the losses of head in pounds p per square inch, — 
_ given in column 5, furnishes the co-ordinates of the curves on the dia- 
grams (Figs.19and 20), 
e. ‘It is true that the introduction of the meter system for water q 
rement represents to any community a comparatively large oue 
and the maintenance of the system a continual expense, but the 
author believes that the equity in charges for water service by the 4 
- meter ayetone will be justified, both to the consumer and the municipal © a. 


end in the end will be gainers. The practice « of ale 


en service pipe, by paying so many per ‘year, , answered the 
in the ge of high water and water meters, 


ail, and ‘measurement of the Ww water actually drawn should be sub- 


aa stituted for a a wild ‘omnis as to the probable consumption by an average es 


2 a The statistics, from the records of the Rochester Water Department, 
of water and meter ‘presented | by Mr. 


ve another column in the Table (No. 27) showing ‘the saving to the a 
4 water department in those instances where meters are used, by the — 
_ substitution of meters for survey rates. — - Aside from the fact that the 7 
universal metering of service pipes gives the water- works manager & a 
complete command of the commodity which he is distributing, and 

_ proportions the burden of cost among the customers more equitably — 

than by the survey system, it admits of such an adjustment of the ~ 


water rates as will produce the revenue necessary for the proper sup-_ 


-~port of this branch of the municipal gov vernment, without favoring om one = 
class of consumers at the expense of another. 
Referring to the consumption of water per average household. This 
4 is a matter which admits of wide discussion. Data have come into the * 
author’s possession which show the daily per capita consumption 
_ range from 7.5 to 22 galls., , including all the usual purposes to ) which 


_ water is applied about a modern residence. — _ These figures correspond — 
to 2 200 and 6 440 cu. ft. ce year for a household of res horgrys = Mr. 


— CORRESPONDENCE ON TESTS OF WATER METERS. 

eee 5 3 & Mr. Hill. on the service pipe at times of testing certain meters than at the time Se aes 

eae a = _ The percentage losses of head in Table No. 5 and the percentage _ 
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— water meter, while Mr. Harlow finds from five years’ records for Wil- 


4 the public consumption of water foe street opr inkling, sewer flushing, 
extinguishment of fires, and erhaps other uses in addition 
gul Pp 
purely domestic consumption by a family. . Dexter Brackett, M. 
go Am. Soc. C. E.,* from investigations in Boston and other cities, fur-— 
a nishes data for the following annual minimum and maximum con- 


for a of six six 


Boston, Mass. . 


Rive er, Mass. . 2 2 


fitted with plumbing, and the use of water for 
stables, and the smaller consumption for with Jess 


closing this the author wishes to thank the members 
of the Society who have so earnestly and ably participated in the dis- * 
eussion of a subject of constantly growing interest and importance to 
municipal corporations and water consumers. . He felt that there 
Pre be locked 1 up p somewhere a large amount of valuable information upon 
_ the “accuracy and durability in service of water meters” and that a 
random shot, well sped, might discover some of it. _ That this opinion 


Eales the discussion o of this brief paper. Doubtless other p papers and dis- 
- eussions of this topic in the future will go far toward overcoming the © 
pe of many water-works officials in the general adoption of the — 
meter system of water measurement. = 
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